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INTRODUCTION 
In a world whose population is constantly increasing in 
numbers and affluence, scientists must further increase the 
quantity and quality of protein foodstuffs available for 
human consumption. 
In light of the ever increasing demand of human consump­
tion on protein resources, sources of protein for animal 
feedstuffs may be in jeopardy. The protein containing 
feedstuffs used in animal diets will need to be utilized in a 
most efficient, economical manner. 
The laying hen has been one of the more efficient con­
verters of low quality feed grain proteins to high quality 
animal proteins. 
The amount and the composition of the hen's dietary pro­
tein encompasses a problem of great importance to the nutri­
tionist. 8ith the discovery of amino acids, which are com­
monly referred to as "the building blocks of protein," it was 
soon evident that the fowl had a requirement primarily for 
amino acids, not protein. 
To assure that the hen receirsd adequate amounts of 
amino acids, feed formulae have often been designed to pro­
vide a surplus of protein from a wide variety of sources. 
Such practices are becoming increasingly unjustifiable from 
an economic standpoint. Increasingly, demands will be made 
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upon nutritionists to restrict the protein content of feed 
formulations to the bare minimum essential for the most effi­
cient production. 
If low protein diets could be fortified with amino acids 
from a synthetic source to balance the amino acid content of 
the diet to the amino acid requirement of the hen, the pro­
tein efficiency of egg production will be increased. 
Hopefully, the economic efficiency of egg production will 
also increase. 
These studies have involved the evaluation of amino acid 
additions to assorted corn-soybean meal diets containing 
differing amounts of protein. Hopefully, these studies will 
enable the nutritionist to formulate diets which would be 
lower in protein, but give the same performance as higher 
protein diets which are normally used. 
The first series of trials involves studies with first 
limiting amino acids. This series of trials has centered its 
emphasis on the amino acid methionine. The second series of 
trials involves the study of a possible leucine imbalance in 
low protein diets which could impair the response of these 
diets to supplementation of first limiting amino acids. 
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REVIEW OF LITERàTDRE 
The Requirement for Protein 
Considerable research has been conducted to determine 
the exact protein requirement of the laying hen. Several 
groups of workers (Reid, Quisenberry and Couch, 1951; Milton 
and Ingram, 1957; Hochreich et , 1958) have reported the 
diet must contain at least 17% protein in order to attain 
maximum production. Heuser et (1945) indicated 15% pro­
tein was sufficient, while Thornton, Blaylock and Moreng 
(1967) reported 11% protein was adequate for maximum egg pro­
duction. The National Research Council (N.R.C., 1971) cur­
rently recommends 15% protein. 
In establishing the protein requirements for laying 
hens, numerous factors which influence the requirement must 
be taken into account. 
The hen needs protein for: (1) production of eggs, (2) 
maintenance of body tissues, (3) growth of body tissues if 
full body size has not been attained, and (U) growth and 
replacement of feathers. Since specific quantities of pro­
tein can be delegated to each of these functions, the total 
protein need of a laying hen can be established on the basis 
of grams of protein per hen per day. When expressing the 
protein content as a percentage of the diet, the requirement 
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oust be established on the basis of daily feed consumption. 
Therefore, any factors influencing feed intake will result in 
an altered protein requirement when the protein requirement 
is established as a percentage of the diet. 
Scott, Nesheim and Young (1969) list 11 factors which 
may influence feed consumption and the protein requirements 
of the laying hen: 
1. Size and breed of hen 
2. Environmental temperature 
3. Stage of production 
4. Housing (cage vs. floor pens) 
5. Feeding space per hen 
6. Depth of feed in automatic feeders 
7. Whether or not hens are properly debeaked 
8. Degree of crowding 
9. Availability of ample cool clean drinking water 
10. Disease level in the flock 
11. Energy content of the diet. 
These authors then state: 
"If one assumes all of the management factors 
are controlled satisfactorily, feed consumption 
(and the resultant protein requirement) depends to 
a major degree upon size and breed of hens, envi­
ronmental temperature, stage of production, and en­
ergy content of the diet." 
Size and Breed of Hen 
Since heavier chickens require more feed for maintenance 
than lighter chickens, they eat more. The heavier bird also 
needs slightly more protein, but this requirement is not in 
proportion to the increased feed intake. Therefore, the 
heavier bird requires a smaller percentage of its diet to be 
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protein. To recive 16 grams of protein daily, a heavy hen 
consuming 150 grams of feed daily would need to receive a 
10.7% protein diet. A light hen consuming 100 grams of feed 
per day would need to receive a 16% protein diet to consume 
the same amount of protein. 
The difference in the protein requirement of different 
breeds is correlated with differences in the body weight of 
the hens. Within a given breed (e.g. Leghorn) , differences 
may exist in the protein and/or amino acid requirements of 
different strains which have been developed. 
Krautmann (1971) found evidence of amino acid-genetic 
interactions when studying the growth of pure line chickens. 
Hybrid crossed laying hens responded differently to diets 
marginal in total protein and methionine. Some crosses re­
sponded to the marginal diet by reducing their rate of pro­
duction. Other crosses either overconsuaed feed, reduced egg 
size or depleted body stores of protein. One cross recorded 
a 6% increase in the rate of egg production when methionine 
was raised from .27% to .30% whereas another cross showed a 
1% decrease when the methionine level was increased. Feed 
consumption and eqq size correlated with the differences in 
eqq production. 
Horenq et al. (1964) assigned hens of four major strains 
(arbitrarily called A, B, C and D) to diets containing three 
different levels of protein (13, 15 and 17%). It was found 
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that significant differences existed with specific character­
istics measured. Strain differences were found to exist in 
eqq production and Hauqh unit values. Differences in many 
instances were noted for both egg weight and shell thickness 
and were isolated to a specific dietary level of protein and 
a specific strain. Strain B showed its highest level of egg 
production on the 13 and 15% protein diets with its perform­
ance on the 17% protein diet inferior to strains A, C and D. 
Strains A and C gave the poorest production when fed the 13% 
protein diet. 
Harms, Damron and Waldroup (1966a) noted large differ­
ences between the protein requirement of several strains of 
eqq type pullets. Hens were fed four different levels of 
protein (11, 13, 15 and 17%) over a 280-day period. It ap­
peared that the Cornell random-bred had the highest protein 
requirement followed by the Kimber 137, the HyLine 934 C, the 
Kimber 155 and the HyLine 934 H with the New Hampshire breed 
having the lowest requirement. The New Hampshire breed 
performed well on the 11 and 13% protein diets while the 
Cornell random-bred performed best on the 17% protein diet. 
Balloun and Speers (1969) reported that data from three 
experiments disclosed significant variation in the protein 
requirements among five strains whether the protein require­
ments were expressed as a percentage of the diet or on a 
daily intake basis. In general, it was found that these re­
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quirements were directly related to the body weight of the 
strains tested. For HyLines a 16% protein diet which 
supplied 14.9 q.of protein daily was adequate for maintenance 
of highest egg production and best feed conversion efficiency 
over a 36 week period. The larger Ames Incross strains 
performed satisfactorily on the 14% protein diets. However, 
average daily protein consumption was 16 g. Three experimen­
tal Leghorn strains required from 10 g. (light weight strain) 
to 18 q. (heavy weight strain) of protein daily for optimum 
performance. 
Austic and Nesheim (1969) have shown that strains of 
Leghorns can be developed which have widely varying arginine 
reguirements. Certain strains which have a low arginine re-
guirement are also associated with having a lower level of 
kidney arqinase activity. 
Enerqy Content of the Diet and Environmental Temperature 
Scott, Nesheim and Younq (1969) summarize the daily en­
erqy requirement of the White Leghorn hen to vary from 260 
Kcal. of Betabolizable Energy (M. E.) per day under midsummer 
conditions to 380 Kcal. M. E. per day in uninsulated houses 
in freezing weather. The typical laying hen diet contains 
from 2,500 to 3,300 Kcal. H. E. per kg. Since the hen eats 
food in sufficient quantities to meet her energy needs, the 
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amount of food consumed is in relation to the hens energy re­
quirement and the enerqy content of the diet. The N.B.C. 
(1971) indicates a Leghorn hen should consume 110 grams daily 
of a feed containing 2,850 Real. M. E. per kg. (313.5 Real, 
per day). When the daily energy consumption falls below 
this, the protein content {%) of the diet must be increased 
to meet the established daily need for protein. Similarly, 
the protein content of the diet may be decreased if daily en­
ergy consumption increases above this figure. 
The same principle also applies to the amino acid con­
tents of the diet. Harms, Damron and Haldroup (1966b) noted 
that a decrease of 22 Real, of productive energy per kilogram 
of diet resulted in a 1% increase in the amount of feed 
consumed per day. This change in feed intake resulted in a 
IX change in the sulfur containing amino acid requirement. 
Stage of Production 
Throughout the commonly used 14 month laying cycle of 
the hen, the nutrient needs of the hen vary based upon the 
age of the hen. As shown in Figure I, Scott, Nesheim and 
Young 11969) have divided the laying cycle into 3 distinct 
phases. Phase I is characterized by egg production increas­
ing froa OX at 20 weeks of age to a peak of 85% at 30 weeks 
of age. Simultaneously, body weight and egg size are in-
Figure I. Three phases of egg production 
% Egg 
Production 
Consumption 
(lbs.) 
80+25 
LBS. OF FOOD PER 
TOO HENS PER DAY 
70--20 
IN LBS. BODV WEIGHT 
11 12 13 14 15 16 17 
Body 
Weight 
(lbs.) 
5 6 7 8 T 
Age in months 
PHASE I II III 
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creasing. The daily protein requirement for the production 
of one egq during this phase is 9,9 grams. The daily protein 
requirement for growth is 2.1 grams. 
Phase II (42 to 62 weeks of age) is characterized by a 
cessation of growth and a slow decrease in egq production. 
The daily protein need for egq production is 10.5 qrams. In 
phase III, where egq production is less than 65%, the daily 
protein requirement for eqg production is 9.5 grams. 
Throuqhout the three phases, 5.3 qrams of protein are 
needed daily for the maintenance of body tissues. In phase 
I, 0.7 qrams are needed for feather growth. This requirement 
drops to 0.2 qrams in phases II and III. The total daily 
protein requirements according to Scott, Nesheim and Young 
(1969) durinq each of the three phases are: 18.0, 16.0 and 
15.0 qrams. 
While these fiqures are hiqh and provide a marqin of 
safety, they do serve as a basis upon which to establish the 
concept of "phase feedinq." 
The Requirement for Amino Acids 
Since the hen has a requirement primarily for amino 
acids, greater emphasis should be placed on the amino acid 
content of the diet rather than on the protein content of the 
diet. It is important that the protein of the diet be com­
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posed of amino acids in such proportions to exactly meet the 
hen's dietary requirement for each of the amino acids. 
Relationships of Amino Acids 
Since the amounts of amino acids in diets vary consider­
ably when different proteins are combined in various combina­
tions, it is important to understand several relationships of 
amino acids. 
Trenkle (1971) reviewed three relationships of amino 
acids as presented by Harper of the University of Wisconsin. 
(1). An amino acid imbalance is characterized by a 
change in the proportions of amino acids in a diet which 
results in a depression in food intake or growth rate. This 
depression can be overcome by the supplementation of the 
indispensable amino acid which is present in the least amount 
in the diet in relationship to the amount required for 
optimum performance. This most limiting amino acid is 
referred to as "the first limiting amino acid." 
(2). Amino acid antagonisms are characterized by the 
depressed utilization of amino acids which results when a 
structurally related amino acid is added in excess. Noted 
relationships include lysine-arginine and leucine-isoleucine-
valine. 
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(3). Almost any amino acid is toxic if added at a high 
enough concentration. Food intake is depressed and the 
toxicity is not alleviated by adding other amino acids. 
Essential Amino Acid Requirements 
All of the factors discussed as influencing protein re­
quirements must also be considered in discussing the amino 
acid requirements. 
An amino acid is classified as being a dietary non­
essential amino acid if its carbon skeleton is available in 
the animal in sufficient quantity for protein synthesis. A 
dietary essential amino acid is an amino acid whose carbon 
skeleton is not available at all or not in sufficient quanti­
ties to meet the requirements of protein synthesis. The nu­
tritionist is concerned with the requirements for the dietary 
essential amino acids. 
A problem arises in establishing an accurate method of 
reporting requirements for the dietary essential amino acids. 
Amongst proposed methods are: (1) percentage of the diet, 
(2) percentage of the protein, (3) percent per Therm of M. E. 
and (4) milligrams per hen per day. 
While method 1 is most commonly used, it is the least 
accurate in meeting the amino acid requirements of the hen 
under a wide variety of conditions. Host research reports 
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are based on this method of stating requirements. 
Numerous requirements have been published in different 
manners by several authors (Table 1). In some cases, these 
requirements are minimum requirements while in other cases 
they are recommended allowances. Some of the requirements 
are based on the composition of eggs, body tissues and 
feathers while other requirements are based on the results of 
production experiments. 
First Limiting Amino Acids in Corn-Soybean Meal Diets 
Since a combination of corn and soybean meal is one of 
the most commonly fed diets in the United States, the amino 
acid balance of this mixture is of concern to nutritionists. 
In comparing the amino acid composition of these 2 ingredi­
ents to the amino acid requirements of laying hens when com­
pared on the basis of percentage of the protein, corn is 
found to be severely deficient in lysine (Table 2). The ad­
dition of soybean meal readily overcomes this deficiency. 
Both corn and soybean meal are low in sulfur containing amino 
acids, although corn is somewhat higher than soybean meal in 
methionine and does contain more methionine than the minimum 
requirement for the laying hen. 
Mitchell and Smuts (1932) were the first workers to at­
tempt supplementation of soybean meal with sulfur containing 
Table 1. Published amino acid requirements 
Requirements as Percentages of the Dieti 
Researchers _P Arq His lis Leu Iso Met PheZ Thr val 
N.B.C. (1971) 15 2850 .80 .50 1 .20 .50 .28 .25 .40 . 11 
Johnson and Fisher (1958) .74 . 18 .50 .68 .50 .24 .16 .72 .36 .12 .54 
Combs (1962) .20 .56 .75 .56 .26 . 18 .46 .41 .13 .60 
Shapiro (1968) ,5^ .19 .55 .75 .55 .26 .18 .79 .40 .13 .59 
Moran G assoc. (1967) .54 .15 .49 .64 .41 .28 . 17 .68 .41 . 13 .48 
Ballcun (1972) 16 2970 .80 .60 .30 .15 
Carlson (1967)3 16 .50 .50 .26 .15 .15 
Arkansas (1965) 16 2970 .50 .22 .65 .88 .65 .31 .22 .93 .47 . 17 .69 
Scott, Nesheim 
and Younq (1969) 16 .80 .30 .80 1.20 .64 .32 .26 1.00 .55 .16 .80 
^Abbreviations for requirements are: protein, metabolizable energy, 
arqinine, bistidine, lysine, leucine, isoleucine, methionine, cystine, 
phenylalanine, threonine, tryptophan and valine. 
^Requirement as phenylalanine or as phenylalanine + tyrosine. 
'Carlson, C. W., Animal Science Department, South Dakota State 
Univ., Brookinqs, S. D. Personal Communication, 1967. 
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Table 2. Comparison of the amino acid composition of corn and 
soybean meali 
N.R.C. (1971) 
Corn Soybean Heal Requirements 
3_i_ % P %_!_ %_P_ 1: 
Arginine .50 5.68 3,20 6.60 
o
 
CO 
«
 5.00 
Glycine .43 4.89 2.10 4.33 
Histidine .20 2.27 1. 10 2.27 
Isoleucine .40 4.54 2.50 5.15 .50 3.12 
Leucine 1. 10 12.50 3.40 7.01 1.20 7.50 
Lysine .20 2.27 2.90 5.98 .50 3. 12 
Methionine .17 1.93 .60 1.24 .28 1.75 
Cystine .09 1-02 .67 1.38 .25 1. 56 
Phenylalanine .50 5.68 2.20 4.54 
Tyrosine 1.40 2.89 
Threonine .40 4.54 1.70 3.50 .40 2.50 
Tryptophan .10 1 . 14 .60 1.24 .11 . 69 
Valine .40 4.54 2.40 4.95 
^Compositions are expressed as: percentage of ingredient, 
percentage of protein and percentage of diet. 
amino acids. They showed that the growth rate of rats on a 
ration containing raw soybean meal could be improved by the 
addition of L-cystine. Shrewsbury and Bratzler (1933) 
confirmed this observation. Hayward, Steenbock and Bohstedt 
(1935) demonstrated that a rat diet containing heated soybean 
meal could be likewise improved by the inclusion of L-
cystine. 
It was not until 1941 that the sulfur containing amino 
acids were used to supplement soybean meal in the diet of the 
chick. Hayward and Hafner (1941) investigated cystine and 
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methionine as supplements to raw and cooked soybeans for rats 
and chicks. It was found that the protein of raw soybeans 
was greatly improved by the addition of 0.3% L-cystine and 
even more so by the addition of 0.3% DL-methionine and that 
the protein of cooked soybeans was equally improved by the 
addition of 0.3% L-cystine or 0.3% DL-methionine. Almquist 
et al. (1942) reported that the addition of choline to a syn­
thetic raw soybean meal diet produced little or no increase 
in rate of gain, and that the addition of DL-methionine re­
sulted in a rate of gain which was comparable to that ob­
tained on practical diets of the same total crude protein. 
They concluded that the lack of methionine was the principal 
growth limiting factor in raw soybean protein and that heated 
soybean protein is slightly deficient in methionine for the 
chick at the 20% protein level. 
ifter establishment of the need for methionine in the 
supplementation of corn-soybean meal type chick starter 
diets, research was extended to layer diets. 
Ingram et al. (1951) found that egg production was 
lowered by a methionine deficiency and concluded that the re­
quirement for the laying hen was not more than 0.38% of the 
diet in the presence of 0.25% cystine. Leong and McGinnis 
(1952) stated that the level of methionine required for 
supporting maximum egg production, body weight gain and egg 
size appeared to be approximately 0.28% in the presence of 
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0.25% cystine. 
Soybean meal magnifies the sulfur-containing amino acid 
deficiency of corn unless large quantities of soybean meal 
are added to furnish adequate methionine and surpluses of the 
other amino acids. Bray (1968) used varying ratios of corn 
and soybean meal supplemented with amino acids in a diet con­
taining 8.5% protein. The response to methionine increased 
progressively as soybean replaced corn protein. A mixture of 
tryptophan, lysine, isoleucine and valine gave decreasing re­
sponses as soybean protein replaced corn protein. 
According to calculations by Titus (1955), methionine is 
indicated to be the first limiting amino acid in a corn-
soybean meal laying hen diet. However, reports of Beid et 
al. (1951), Behring, Titus and Waddell (1954) and Heywang 
(1956) indicate no reponse from supplementing such diets with 
methionine. Bradley and Quisenberry (1961) noted a slight 
non-significant decrease in egg production of birds being fed 
16% protein and 18% protein diets supplemented with lysine 
and/or methionine. An increase in production was observed 
for birds being fed a 14% protein diet. 
Carlson and Guenthner (1969) stated that calculations 
demonstrate that, when methionine supplementation has not 
shown a response in the past either in egg numbers, egg 
weight or feed conversion, calculated protein intake was gen­
erally in excess of 16 g. per hen per day with a methionine 
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intake in excess of 300 ng. per hen per day. 
Harms, Douglas and Haldroup (1962) supplemented diets 
with 0.075% methionine hydroxy analogue calcium (HH&) and 
significantly improved performance in two of three experi­
ments. The first experiment, conducted in cages, showed a 
9.6% average increase in the rate of lay and an improvement 
in feed conversion for a 280-day period when birds were fed 
protein levels of 14.7, 15.7 and 16.7% with and without me­
thionine supplementation. 
Carlson and Guenthner (1969) conducted four experiments 
over a period of four years evaluating protein, methionine 
and lysine in typical corn-soybean meal diets. It was con­
cluded from these experiments that the 14% protein diet sup­
plemented with methionine was adequate under the conditions 
tested while 16% protein would be required without the methi­
onine supplementation. Calculations showed 17 g. of protein 
per day to be adequate without methionine supplementation, 
whereas 15 g. of methionine-supplemented protein was adequate 
for maximum production, eqg size and feed efficiency. The 
methionine requirement was believed to be somewhat in excess 
of 300 mg. per hen per day during the first four months of 
production. This reguireaent was believed to have dropped to 
the 300 mg. level during the latter periods as no significant 
results were obtained from its addition to diets at this 
level during these periods. 
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Synthetic methionine is available as either the D- or L-
isoner, as DL-aethionine or as methionine hydroxy analogue 
calcium (HHA-Ca). The analogue contains the same carbon 
skeleton as the ether forms, bat lacks the amino group. Grau 
and Almquist (1943) reported equal utilization of the D- and 
L- isomers of methionine by chickens. Bruggemann, Drepper 
and Zucker (1962) reported the D- isomer to be inferior to 
the L- isomer in purified diets. Gordon and Sizer (1955), 
using labelled BHA, L-methionine and DL-methionine, reported 
greater incorporation of MHA and L-methionine into chick 
liver protein than was found for DL-methionine. Gutteridge 
and Levis (1964) found D-methionine to be used more 
efficiently than L-methiohine in supplementing raw soybean 
diets. 
Smith (1966) tested 3 sources of methionine in semi-
purified and purified basal diets fed to growing chicks. The 
L-methionine was more efficiently utilized than the DL form 
when tested in crystalline amino acid diets. DL-methionine 
in turn was superior to equimolar amounts of methionine 
hydroxy analogue. Semi-purified diets gave somewhat similar 
results. 
Tipton, Dilworth and Day (1966) conducted two experi­
ments in which graded levels of the D- and L- isomers of me­
thionine were added along with DL-methionine and MHA in me­
thionine deficient basal chick diets containing natural pro-
21 
tein as the principal source of amino acids. The relative 
order of biological effectiveness (best to poorest) was D-
methionine, DL-aethionine, L-methionine and MHA. 
It appears that MHA is the most inefficiently used 
source of supplementary dietary methionine in methionine de­
ficient diets. The relative value of D-, L- and DL-
methionine varies under different feeding conditions. It is 
doubtful if these differences are great enough to be of m.ajor 
significance in most laying hen diets. 
Leucine, Isoleucine and Valine Interrelationships 
The addition of large amounts of the amino acid leucine 
to rat diets causes an increase in the requirements for the 
structurally related asino acids valine and isoleucine 
(Harper, Benton and Elveh"jem, 1955; Benton et al., 1956). 
D* Hello and Levis (1970) noted that the addition of 1.5% 
L-leucine to 20% protein corn-ground nut meal diets contain­
ing 1.43% leucine and .56% isoleucine depressed chick growth 
from 12.8 g./day to 9.8 g./day. Supplementing the diet con­
taining 1.5% added L-leucine with .25% DL-isoleucine restored 
weight gains (12.8 g./day). The level of free isoleucine and 
valine in the plasma was decreased by the addition of 1.5% L-
leucine. The addition of isoleucine restored the plasma free 
isoleucine level. 
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In a second trial reported by D'Hello and Lewis (1970), 
the addition of 1.5% L-leacine to a 20% protein corn-ground 
nut meal diet depressed chick growth from 15.9 g./day to 13.0 
q./day. Addition of .35% DL-valine to the leucine-imbalanced 
diet increased growth to 15.0 g./day. Addition of .35% DL-
isoleucine depressed growth to 10.8 g./day. The addition of 
both valine and isoleucine to the imbalanced diet restored 
growth to 15.9 q./day. The leucine addition increased the 
plasma free leucine level and decreased the levels of isoleu­
cine and valine. Supplementation of isoleucine and valine 
lowered the plasma leucine level to normal and restored the 
isoleucine and valine levels to normal. 
Bray (1970) reported on several trials involving the 
effects of excess leucine on laying hens which were fed 8.5% 
protein corn-soybean meal diets in which corn protein provid­
ed from 70 to 88% of the protein. The diets were supplement­
ed with .24% L-lysine, .20% DL-methionine, .14% DL-
tryptophan, and the levels of isoleucine, valine and leucine 
studied. Addition of .70% L-leucine to a diet supplemented 
with .24% DL-valine reduced egg production from 61.8% to 
41.1% and feed consumption from 81.3 to 65.9 g./day. The ad­
dition of -30% DL-isoleucine restored egg production to 67.0% 
and feed consumption to 104.8 g./day. 
In a second trial. Bray (1970) found the addition of 0, 
.5, 1.0 and 1.5% L-leucine depressed egg production and feed 
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consumption progressively when isoleucine vas not added to 
the .24% DL-valine supplemented diet (egg production, 45.6, 
39.8, 35.6 and 24.0%; feed consumption, 83.0, 74.9, 57.2 and 
64.6 g./day). When .15% DL-isoleucine was added to the 
basal, this trend was reduced (egg production, 78.2, 76.4, 
74.6 and 59.6%; feed consumption, 123.8, 107.0, 105.0 and 
89.8 g./day). The hens were unaffected by the addition of 
leucine when .30% DL-isoleucine was included in the basal 
diet (egg production, 73.0, 75.5, 76.9 and 80.0%; feed con­
sumption, 111.7, 110.4, 109.7 and 112.3 g./day). 
In a third trial, a diet imbalanced by the addition of 
1.5% L-leucine was balanced only by adding both .15% DL-
isoleucine and .24% DL-valine. 
A fourth trial revealed small positive responses when 
DL-isoleucine (0, . 10, .20, .30%) was added to a leucine 
imbalanced diet (1.5% added L-leucine). A small negative re­
sponse was noted due to the addition of DL-valine (0, .15, 
.30 and .45%) . 
Johnson and Fisher (1958) observed that the level of 
dietary isoleucine in their crystalline amino acid diets 
could be decreased only when the levels of other amino acids, 
including leucine, were decreased. 
24 
EXPERIMENTAL PROCEDDBE 
General Management and Data Collection 
All of the experiments were conducted in a windowless, 
heated caged layer house at the Iowa State University poultry 
farm. ïelp-line Leghorn layers purchased at approximately 20 
weeks of age from Help's Poultry Breeding Farm, Bancroft, 
Iowa were used in the first 6 experiments. In the final 2 
experiments (Experiment 824 and Experiment 829), Hy-Line 
934-E chicks were purchased when one-day old and were placed 
in the caged layer house at 20 weeks of age. 
Each cage measured 16" deep (40.6 cm.) X 10" wide (25.4 
cm.). All of the cages were suspended at the same level in a 
flat-deck arrangement. In Experiments 760 and 786, 2 
chickens were allotted to each cage. In the remaining 6 ex­
periments, all hens were individually caged. 
The lighting schedule from 20 weeks of age to the initi­
ation of the experiment, and the age at which the experiment 
was initiated, varied between experiments. In all experi­
ments, light was provided for a period of 12 continuous hours 
followed by a period of 12 continuous hours of darkness once 
the experimental diets were fed. From 20 weeks of age until 
the start of each experiment, a standard laying hen mash was 
fed (pre-experiaental diet. Table 3). 
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Table 3. Pre-experimental diet fed before the beginning of 
all experiments! 
iCalcalated nutrient composition, Appendix Table 2. 
Feed and water were consumed ^  libitum in all trials. 
The method of feeding (individual vs. group) varied between 
experiments. 
Data for egg production and feed consumption were col­
lected during 28-day periods in each experiment. Egg size 
was determined by weighing U consecutive days egg production. 
Body weights were measured at the time the birds were placed 
on experimental diets and at the conclusion of the experi­
ments. 
With the exception of Experiments 760 and 786, all of 
the experimental rations were computer formulated by linear 
programming on a least-cost per pound basis using the IBM 
Mathematical Programming System (HPS) according to procedures 
outlined by Muller (1971). 
The diets were formulated to be isocaloric containing 
Corn 
Soybean meal 
Fishmeal (Herring) 
Oehy. alfalfa meal 
Dical. phosphate 
Oyster shell 
T.M. salt mix 
Vit. mix 1 
Soybean oil 
(X) 
70.20 
14.50 
3.00 
2 .00  
2 . 0 0  
6.00 
0.30 
0.50 
1.50 
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3000 Kilocalories of Hetabolizeable Energy (M.E.) per 
kilogram of diet. Although this level is higher than the 
2850 Kcal./kg. recommended by the National Research Council 
(1971), this level was selected to avoid having to dilute the 
low protein diets which contain more high energy corn with a 
non-nutritive dilutent. 
The computer-formulated diets were formulated to contain 
2% of either dicalcium phosphate or defluorinated rock 
phosphate, 5 or 6% oyster shell (added at the mixer) and suf­
ficient ground limestone to raise the calcium level to 3%. 
Corn was used exclusively as the cereal grain in all 
diets while solvent extracted soybean meal (48.5% protein) 
was used as the source of supplemental protein in all diets. 
Amino acid additions were made at the expense of corn. 
The amino acids were premixed in ground corn to yield a 10% 
activity mixture that would assure even distribution upon 
mixing with the remaining ingredients in the diet. In all 
trials, methionine was added as methionine hydroxy analogue 
(WHA)1 which was assumed to have 83% methionine activity 
(Warden, 1972). Therefore, the addition of .05% methionine 
was in reality the addition of .06% MHA. Lysine was 
^Supplied as: (1) Hydan, trademark E.I. Du Pont De 
Nemours S Co., Inc., Wilmington, Delaware, or (2) MHA, 
trademark Monsanto Co., St. Louis, Mo. 
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furnished as Lyamine.* All other amino acids, with the ex­
ception of L-isoleucine in Experiment 829, were purchased in 
a crystalline form from a common source.% 
Data Processing and Statistical Analyses 
The data collected were computer processed by one of 
several production programs written by the author. Egg pro­
duction was calculated on a hen-day basis. Feed consumption 
was calculated as grams of feed consumed per hen per day. 
Feed efficiency was calculated as kilograms of feed consumed 
per dozen eggs produced and kilograms of feed consumed per 
kilogram of egg produced. The results were then subjected to 
one of several statistical analysis programs: (1) Harvey's 
Least-Squares and Maximum Likelihood General Purpose Program 
(Harvey, 1969), (2) Statistical Analysis System (Barr and 
Goodnight, 1971), and (3) Malamute (Kennedy and Stein, 1971). 
Statistical procedures were in accordance to methods 
outlined by Steel and Torrie (1960) and Snedecor and Cochran 
(1967) . 
^Trademark, Merck and Co., Inc., Rahway, New Jersey 
^Nutritional Biocheaicals, Cleveland, Ohio; L-isoleucine 
purchased from International Scientific Ind., Inc., Cary, 
Illinois 
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First Limiting Amino Acid Series 
Objective 
Performance of hens fed low -protein diets might be 
vastly improved if certain limiting amino acids were added to 
the diet in sufficient amounts to more adequately meet the 
reguirements for egg production. This series of experiments 
was devoted to studying the effects of additions of methio­
nine, lysine and tryptophan to different corn-soybean meal 
diets. A light weight strain of Welp layers was used in all 
studies except the final study. The average body weight of 
these Welp layers at 24 weeks of age was in the range of 3.25 
to 3.50 lbs. (1.48 to 1.59 Kg.). The light weight strain was 
chosen since the commercial poultry industry is continuously 
moving towards the adaptation of a lighter weight hen. Also, 
most published research in the area of first limiting amino 
acids has dealt with hens which were considerably heavier in 
body weight and which therefore had a higher feed consump­
tion . 
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Experiment 760, Trials 1 aad 2 
Objective 
The first objective of this experiment was to evaluate 
the addition of methionine to diets containing 12, 14 and 16% 
protein. These diets were thought to be deficient, 
submarginal and adeguate in protein. The total sulfur con­
taining amino acid contents of these diets were -37, .43 and 
.48%. The N.a.C. (1966) specifies .53% as the requirement. 
In comparing the calculated amino acid content of these diets 
to the N.B.C. (1966) reguirenents, no amino acids aside from 
the sulfur containing amino acids are deficient in the 14 and 
16% protein diets-
In the 12% protein diet, however, deficiencies of sever­
al amino acids are noted. In comparing the calculated values 
to the N.R.C. (1966) reguirements, one notes that both 
tryptophan (.136% vs. reguired .15%) and arginine (.67% vs. 
reguired .80%) are inadeguate. However, in view of the mini­
mum reguirements for arginine (.54%) as reported by Moran et 
al. (1967) and Shapiro (1969), this level of arginine would 
not appear to be deficient. The calculated lysine content 
was "just adeguate to meet the N.R.C. (1966) reguireaent 
(0.5%). In comparing the other amino acids for which the 
N.B.C. (1966 or 1971) has not published reguirements to the 
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requirements as published by Combs (1962), Horan et al. 
(1967) or Shapiro (1969), no serious amino acid deficiencies 
are noted. It vas decided that it would be desirable to 
study amino acid additions to the 12% protein diet by adding 
methionine to approach the N.S.C. (1966) requirement, by 
adding tryptophan to equal the requirement, and by adding ly­
sine to sliqhtly exceed the requirement. 
Experimental design 
Help pullets purchased at 20 weeks of age were placed on 
experimental diets at 24 weeks of age (January 5, 1970). 
Seven experimental units, each consisting of 8 hens (2/cage), 
were assigned to each experimental diet in Trials 1 and 2. 
The randomized complete block design experiment was conducted 
in such a manner that the treatments were blocked according 
to location in the house. Trial 1 was conducted over U four-
week periods from 25 thru i»0 weeks of age while Trial 2 was 
conducted over 5 periods from 25 thru weeks of age. 
In Trial 1, corn-soybean meal diets containing 12, 14 
and 16% protein (Table 4) were supplemented factorially with 
methionine added at the levels of 0 and .10% to the 12% pro­
tein diet and 0 and .05% to the 14 and 16% protein diets. 
In Trial 2, methionine, tryptophan and lysine were added 
in several combinations to the 12% protein corn-soybean meal 
diet used in Trial 1 (Table 5) . 
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Table 4. Composition of experimental rations - Experiment 760% 
Dietary Protein (%) 
-12 _ 14 16 
(%) (%) (%) 
Corn 83.20 77.40 71.70 
Soybean meal 4.00 9.00 14.00 
Fishmeal (Herring) 3.00 3.00 3.00 
Dehy. alfalfa meal 2.00 2.00 2.00 
Dical. phosphate 1.00 1.00 1.00 
Oyster shell 6.00 6.00 6.00 
Regular salt mix 0.30 0.30 0.30 
Animal fat 0.00 0.80 1.50 
Vit. mix 760 0.50 0.50 0.50 
^Calculated nutri ent composition. Appendix Table 1. 
Table 5. Experimental treatments - Exp . 760, Trial 2 
Diet 1 12% Protein Control Diet 
Diet 2 Diet 1 + .10% methionine 
Diet 3 Diet 2 + .028% DL-tryptophan 
Diet 4 Diet 3 + -05% lysine 
Results and discussion 
In Trial 1, (Table 6) there was a significant (P < .05) 
increase in egg production due to increasing dietary protein. 
In all periods except the first, the trend for methionine 
additions to reduce performance of the 12 and 14% protein 
diets and increase performance of the 16% protein diets was 
noted. By the final period, the protein X methionine inter­
action was significant {P < .001). Overall period means re­
flect a 2.4 and 2.9% decreased rate of egg production when 
Table 6. Least-squares factorial effect means - Experiment 760, Trial 1 
% Hen-Day Egg Grams of Feed Average Egg 
Production Consumed .Daily, Wei3ht_jg^L__ 
% Added Methionine Added Methionine Added Methionine 
Period Protein lïôr" -It l  Mean ZiK" _I±L Mean IÏÔL • -ill Mean 
1 12 65.2 66.9 66.1 96.2 89.4 92.8 49.2 49.8 49.5 
1U 69.5 68.0 68.7 90. 3 88.8 89.6 50.6 50.2 50.4 
16 72.8 70.9 71.8 88.9 86.6 87.8 50.5 50.7 50.6 
Mean 69. 2 68.6 68.9 91.8 88.3 90.0 50.1 50.3 50.2 
2 12 71. 2 68.8 70.0 92.8 91.1 91.9 52.6 53.7 53.2 
1U 75.6 71.4 73.5 90.2 86.5 88. 3 53. 3 54.0 53.6 
16 75.7 76.4 76. 1 88.9 88 .8 88.8 53.5 53.9 53.7 
Mean 74.2 72.2 73.2 90.6 88.8 89.7 53.2 53.9 53.6 
3 12 69.9 66.3 68. 1 87.2 91.2 89. 2 54. 3 55. 2 54.7 
14 70.7 69.5 70. 1 91.6 91.5 91. 6 55.7 55.9 55.8 
16 71.2 77.7 74.5 87.3 94.2 90.7 55.6 55.5 55.5 
Mean 70.6 71.2 70.9 88.7 92.3 90.5 55.2 55.5 55.4 
U 12 68.9 63.4 66. 1 88.6 91.9 90. 3 56.1 56.4 56.3 
14 72.5 67.8 70. 1 92.4 90.3 91.4 56. 3 57.2 56.7 
16 67. 3 76.9 72. 1 91.3 91.8 91.5 57.6 56.6 57.1 
Mean 69.6 69.4 69.5 90.8 91.3 92.0 56.6 56.8 56.7 
Mean 12 68.8 66.4 67.6 91.2 90.9 91.0 53. 1 53.8 53.4 
14 72. 1 69.2 70.6 91. 1 89.3 90.2 54.0 54.3 54.2 
16 71.8 75.5 73.6 89.1 90.3 89.7 54. 3 54.2 54.2 
Mean 70.9 70.4 70.6 90. 5 90.2 90. 3 53.8 54.1 54.0 
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methionine «as added to the 12 and 1 455 protein diets (68. 855, 
66.4%; 72.1%, 69.2%) and a 4.7% increase when methionine was 
added to the 16% protein diet (71.8%, 75.5%). 
Feed consumption was low for all diets (mean = 90.3 
grams). Although no significant differences were noted, the 
trends observed in the protein X methionine interaction for 
feed consumption were similar to those noted for egg produc­
tion. Feed consumption was slightly depressed when methio­
nine was added to the 12 and 14% protein diets and was in­
creased when methionine was added to the 16% protein diet. 
Significant increases (P < -10) in egg weight due to 
protein were noted during periods 1 and 3, but not during 
periods 2 and 4. The overall period means reflect a de­
pressed egg weight with the 12% protein diet (53.4 g.) vs. 
54.2 g. for the 14 and 16% protein diets. Aside from a sig­
nificant increase (P < .10) in egg weight during one period, 
no significant effects were noted due to the addition of me­
thionine. Egg weights during all periods were far below 
optimum. The mean weight of 56.7 grams during the final 
period is slightly short of the 56.75 grams reguired to meet 
the present U.S.D.A. standards for large eggs. 
The final body weights (Table 7) show a significant (p < 
.05) increase in weight with an increase in dietary protein 
and a significant (P < .01) decrease in weight with the addi­
tion of methionine. In light of the decreased egg production 
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Table 7. Final body «eight means (Kg.) - Experiment 760, 
Trial 1 
% Added Methionine 
Protein -iOI -1*1 Mean 
12 1.50 1.34 1.42 
14 1. 53 1.49 1.51 
16 1.56 1.39 1.48 
Mean 1.53 1.41 1.47 
and feed consumption with methionine additions to the 12 and 
14% protein diets, the decrease in final body weight seems 
expected. However, the reduction in body weight with the me­
thionine addition to the 16% protein diet is unexplainable. 
Due to the limited number of replications and consider­
able variance amongst experimental units treated alike, few 
significant differences were noted in Trial 2 (Table 8). The 
addition of methionine to the control diet significantly (P < 
.10) depressed feed consumption during the first period. A 
similar non-significant trend was noted in 2 of the 4 
remaining periods. 
In all periods except the first, the addition of methio­
nine had a tendency to reduce egg production. additions of 
tryptophan and tryptophan plus lysine were apparently effec­
tive in overcoming this depression. A similar trend was 
noted for the depression of feed intake caused by the methio­
nine addition. 
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Table 8. Least-squares factorial effect means - Experiment 
760, Trial 2 
Period 
"ï 2 ~ 3 ~ ' ~_4_ Mean 
% Hen-Day Egg Production 
Diet 
67.8 1 65.2 71.2 69.9 68.9 63.8 
2 66.9 68.6 66. 3 63.4 60.2 65.1 
3 68.5 68.9 66.2 63.4 62.6 65.9 
U 71.4 72.8 69.6 68.9 65.8 69.7 
Mean 68.0 70.4 68.0 66.2 63.1 67.1 
Grams of Feed Consumed Daily 
Diet 
91.2 1 96.2 92.8 87.3 88.6 91.3 
2 89.a 91. 1 91.2 92.0 89.6 90.7 
3 91.2 89.4 92.5 90.9 89.4 90.7 
4 90.8 90.4 92.9 94.7 90.6 91.9 
Mean 91.9 90.9 90.9 91.6 90.2 91.1 
Average Egg Height (g.) 
Diet 
1 U9.2 52.6 54. 3 56. 1 56.4 53.7 
2 49.8 53.7 55.2 56.4 57.0 54.4 
3 49.6 52.9 54.7 55.5 56.8 53.9 
U 49.1 52.7 54. 1 55.3 56.6 53.6 
Mean 49.4 53.0 54.6 55.8 56.7 53.9 
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No significant differences in egg weight were noted. 
The addition of methionine to the basal diet resulted in 
a significant (P < .10) depression of body weight from a mean 
of 1.50 kg. for all other treatments to a mean of 1.34 kg. 
for the methionine supplemented treatment (Table 9). 
Table 9. Final body weight means (Kg.) - Exp. 760, Trial 2 
Jiet Weight 
1 1.50 
2 1.34 
3 1.49 
U 1.53 
Mean 1.46 
Experiment 786, Trials 1 and 2 
Objective 
Since the addition of .10% methionine to a 12% protein 
diet in Experiment 760 resulted in depressed feed consumption 
and egg production, it was decided to conduct a similar trial 
adding 2 levels of methionine (.05 and .10%). Since lysine 
and tryptophan had been partially effective in overcoming 
these depressions, it seemed logical to study these amino 
acids in this trial. The levels of methionine added again 
approached the N.B.C. (1966) reguirements while the levels of 
tryptophan and lysine equalled and slightly exceeded the 
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H.B.C. (1966) requirements. 
Since the 12% protein diet did not furnish sufficient 
protein to attain maximum egg production during Experiment 
760, it was decided to formulate a 16% protein diet to serve 
as a reference diet. Since this diet was slightly deficient 
in sulfur containing amino acids (.U8X vs. .53% required), it 
was also decided to compare this diet to a similar diet con­
taining added methionine. 
Experimental design 
In this experiment, the Welp pullets were assigned to 
the experiental diets at 24 weeks of age (December 7, 1970). 
In Trial 1, a 12% protein corn-soybean meal ration 
(Table 10) was supplemented factorially with methionine (0, 
.05, .10%), lysine (0, .05%) and DL-tryptophan (0, .028%). 
Each diet in Trial 1 was fed to 6 replicate experimental 
units of 8 hens each (2/cage). The data to be reported cover 
three 28-day periods from 33 thru 44 weeks of age. 
In Trial 2, a 16% protein corn-soybean meal diet (Table 
10) was supplemented factorially with methionine (0, .05%). 
Each of these diets were fed to 4 replicate groups of 8 hens 
each (2/caqe). The data to be reported cover six 28-day 
periods from 33 to 56 weeks of age. 
38 
Table 10. Composition of experimental rations - Experiment 
786, Trials 1 and 2* 
Dietary Protein (%) 
12 
(%) (%) 
Corn 87.20 70.20 
Soybean meal 4.00 14.50 
Pishaeal (Herring) 3.00 3.00 
Dehy. alfalfa meal 2.00 2.00 
Dical. phosphate 2.00 2.00 
Oyster shell 6.00 6.00 
Regular salt mix 0.30 0.30 
Vit. mix 786 0.50 0.50 
Animal fat 0.00 1.50 
iCalculated nutrient composition. Appendix Table 1. 
Results and discussion 
In all 3 periods of Trial 1 (Table 11), increasing the 
level of methionine resulted in a significant decrease in egg 
production. The factorial effect means and the corresponding 
level of significance were: period 1, 72.5, 67.8 and 69.6% 
(P < .05); period 2, 72.5, 68. 1 and 70.256 (P < .10); period 
3, 71.5, 66.3 and 67.1% (P < .05). 
The feed consumption (g./day) (Table 12) was reduced 
significantly by the addition of methionine in the first 
period and a similar trend was noted in succeeding periods: 
period 1, 91.4, 87.5 and 90.3 g. (P< .10); period 2, 95.6, 
93.2 and 94.9 q. (n.s.); period 3, 94.8, 92.2 and 93.6 g. 
( n. s . ). 
Table 11. Arithmetic means for % hen-day egg production - Experiment 786, Trial 1 
Period 1 Period 2 Period 3 
% 
Methio-
_Sine__ 
% 
Lïsine _ o _ _  
ÏEZRtQEtan 
.014 Mean 
_l_rrïEt02han 
_0__ .014 Mean 
% 
_ 0 _  
TrjEtofihan 
.014 Mean 
o
 
o
 .00 
.05 
Mean 
70.2 
73.3 
71.8 
73.6 
72.8 
73. 2 
71.9 
73 .0 
72.5 
71.7 
69.0 
70.3 
76.6 
72.8 
74.7 
74.1 
70.9 
72.5 
70. 
69. 
70. 
4 
6 
0 
74.7 
71.2 
72.9 
72.6 
70.4 
71.5 
.05 .00 
.05 
Mean 
68. 2 
68.5 
68.3 
65. 2 
69. 5 
67.3 
66.7 
69.0 
67.8 
68.8 
67.8 
68.3 
67.4 
68.5 
68.0 
68.1 
68.1 
68.1 
65. 
67. 
66. 
8 
4 
6 
64.6 
67.4 
66.0 
65.2 
67.4 
66.3 
.10 .00 
.05 
Mean 
70.2 
65. 8 
68.0 
71.2 
71.0 
71. 1 
70.7 
68.4 
69.6 
70.8 
69.8 
70.3 
70.5 
69.6 
70.0 
70.7 
69.7 
70.2 
67. 
64. 
65. 
2 
6 
9 
70. 5 
66.1 
68. 3 
68.8 
65.4 
67.1 
Mean .00 
.05 
Mean 
69.5 
69. 2 
69.4 
70.0 
71. 1 
70.6 
69.8 
70.2 
70.0 
70. 4 
68.8 
69.6 
71.5 
70. 3 
70.9 
71.0 
69.6 
70.3 
67. 
67. 
67. 
8 
2 
5 
69.9 
68.2 
69. 1 
68.9 
67.7 
68.3 
Table 12. Arithmetic means for average 
Exp. 786, Trial 1 
Period 1 
ryptopha: 
nine Lysine 0 Mean 
% 
Methio- % X T n 
o
 
o
 
.00 89.9 92.0 90.9 
.05 90. 8 92. 9 91.9 
Mean 90.4 92.4 91.4 
.05 .00 86.2 85. 1 85.6 
.05 88. 1 90. 5 89.3 
Mean 87. 1 87. 8 87 .5 
. 10 .00 90. 1 90.0 90.1 
.05 88.7 92.3 90.5 
Mean 89.4 91.2 90.3 
Mean .00 88.7 89.0 88.9 
.05 89.2 91.9 90.6 
Mean 89.0 90.5 89.7 
daily feed consumption (g,/hen/day) -
Period 2 Period 3 
% Tryptophan 
_0_ .014 Bean 0 ^014 Mean 
92. 6 98.4 95.5 92. 7 97. 5 95.1 
93. 0 98.2 95.6 93. 0 96.2 94.6 
92. 8 98.3 95.6 92. 8 96.8 94.8 
90.5 
92.4 
91.U 
93.8 
95.2 
94.5 
92.3 
93.5 
92.9 
95. 1 
94.7 
94.9 
95.5 
95.2 
95.3 
96.3 
96.0 
96.2 
92.8 
93.6 
93.2 
94.6 
95.2 
94.9 
94.3 
94.8 
94.5 
91. 1 
92. 6 
91.8 
93. 7 
92.2 
93. 0 
92. 5 
92.6 
92. 6 
90.5 
94.8 
92. 6 
95.2 
93.2 
94. 2 
94.4 
94,7 
94. 5 
90.8 
93.7 
92.2 
94.4 
92.7 
93.6 
93.4 
93.7 
93.6 
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According to the analysis of variance, no other 
factorial effects or interactions for egg production were 
significantly different. 
A significant (P < .01) increase in feed consumption was 
noted due to the supplementation of tryptophan during period 
2. A similar trend (non-significant) was noted during the 
other periods. The factorial effect means for no supplemen­
tation vs. supplementation were: period 89.0, 90.5 g. ; 
period 2, 92.9, 96.2 g. ; period 3, 92.6, 94.5 g. A similar 
increase (non-significant) was noted in egg production 
(period 1, 69.4, 70.6%; period 2, 69.6, 70.9%; period 3, 
67,5, 69.1%) . 
Neither the factorial effects for lysine nor the inter­
actions of any of the main effects were significantly differ­
ent for feed consumption. 
Lysine additions resulted in a significant increase in 
eqg weight in 2 of 3 periods (Table 13). The factorial 
effect means and the corresponding level of significance 
were: period 1, 52.4 53.0 g. (P < .10) ; period 2, 54. 2, 54.9 
q. (n.s.) ; period 3, 55.2, 56. 1 g. (P < .05). No other 
sources of variation were significantly different. 
In Trial 2, where the 16% protein diet was compared to a 
16% protein methionine supplemented diet, no significant dif­
ferences were noted for egg production or feed consumption 
(Table 14). The non-significant trend towards increased egg 
Table 13 Arithmetic means for average 
Period 1 
% 
Hethio- % __%_Tc%BtgBhan___ 
_nine__ Lysine 
_ 0 _ _  iOia Mean 
o
 
o
 .00 51.5 53.0 52.2 
.05 52.6 52.4 52.5 
Mean 52. 0 52.7 52.4 
.05 .00 52. 6 53. 4 53.0 
.05 53, 3 52.8 53.1 
Mean 53.0 53. 1 53.0 
.10 .00 51.7 51.9 51.8 
.05 53.6 53.4 53.5 
Mean 52.7 52.7 52.7 
Mean .00 51.9 52.8 52. 4 
.05 53.2 52.9 53.0 
Mean 52.6 52.8 52.7 
egg weight (g.) - Exp. 786, Trial 1 
Period_2 Period 3 
*_rrigtOEhan _*_T£ïBto2ha^ 
_0_ 
— 
iOH Mean _g_ 
— 
.014 Mean 
54. 4 53.8 54.1 54. 7 55.4 55.1 
54. 3 55.6 54.9 55. 6 55.6 55.6 
54. 4 54.7 54.5 55. 1 55.5 55.3 
54. 3 54.6 54.4 55. 2 55.2 55.2 
54. 4 54.8 54.6 56. 0 56. 2 56.1 
54. 4 54.7 54.5 55. 6 55.7 55.7 
53. 6 54.2 53.9 55. 3 55.2 55.3 
54. 9 55.7 55.3 56. 4 56.5 56.4 
54. 3 55.0 54.6 55. 9 55.8 55.9 
54. 1 54.2 54.2 55. 1 55.3 55.2 
54. 6 55.3 54.9 56. 0 56. 1 56.1 
54. 3 54.8 54.6 55. 5 55.7 55.6 
Table 14. Arithmetic means - E 
% Hen-Day Egg 
-Production 
-^-Methionine 
Period _ _ 0 _  -5.05 Mean 
1 70.8 74.2 72.5 
2 74.0 76.0 75.0 
3 74.3 74.0 74.1 
U 70.7 70.0 70.4 
5 69.0 67.8 68.4 
6 68.5 66.0 67.3 
Mean 71.2 71.3 71.3 
786, Trial 2 
Grams of Feed 
Cgnsu*ed_Dail% 
-„ï_M«thionine 
_ _ o _  Mean 
86.4 84.4 85.4 
90.1 89.8 90.0 
92.1 92.3 92.2 
86.1 85.9 86.0 
82.9 84.3 83.6 
87.2 86.5 86.8 
87.5 87.2 87.3 
Average Egg 
-ÏSiakt-iSâJ 
% Methionine 
_ _ 0 _  
_i05 Mean 
54.0 54.7 54.4 
56.1 56.2 56.1 
56.8 56.8 56.8 
56.8 57.9 57.4 
58.8 58.9 58.8 
58.4 59.3 58.8 
56.8 57.3 57.0 
/ 
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production with the addition of methionine in periods 1 and 2 
is counteracted by the slightly decreased egg production in 
periods 3, 4, 5 and 5. 
The egg weights were slightly heavier during all periods 
when methionine was added. However, this difference was sig­
nificant (P < .10) only during period 4 (55.8 vs. 57.9 g. ). 
In evaluating Trials 1 and 2, it is noted that feed con­
sumption was relatively low (approximately 90 grams/hen/day). 
As in Experiment 760, egg weights were smaller than optimum. 
The influence of protein on the difference in the mean for 
egg production during the first 3 periods of each trial is 
slight (12% protein basal diet, 70.8%; 16% protein basal diet 
73.0%). The difference in egg weights during these periods 
is somewhat greater (12%, 53.5 g.; 16%, 55.6 g.). 
Experiment 811 
Objective 
Since egg weights were not of an optimum size in Experi­
ments 760 and 786, it was decided to attempt to delay the 
sexual maturity of the layers in this study and to note the 
response attained when protein (12 and 16%) and methionine 
(0, .05 and .10%) were varied. The diets were again defi­
cient in sulfur containing amino acids (12% protein, .30%; 
16% protein, .42% vs. required .53%). Since these diets con­
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tained no fishmeal, the lysine content of the 12% protein 
diet was low (.39% vs. required .50%). In light of the much 
more severe methionine deficiency, it was decided to overlook 
the lysine deficiency and not attempt to correct it. 
Experimental design 
An attempt was made to restrict the sexual maturity of 
the Help layers in this experiment by restricting the 
lighting period to 8 hours per day from 20 to 24 weeks of 
age. This attempt was made in hopes of increasing the egg 
size during the laying period. The lights were then in­
creased to 12 hours per day. The hens were assigned to the 
experimental rations at 32 weeks of age and data collection 
began at 35 weeks of age (January 4, 1972). The data were 
collected for 8 consecutive 28-day periods from 35 to 66 
weeks of age. 
Corn-soybean meal diets containing 12 and 16% protein 
(Table 15) were supplemented factorially with methionine at 
the levels of 0, .05 and .10%. 
Five experimental units, each containing 4 hens 
(1/cage), were assigned to each diet. The treatments were 
blocked with location in the house and the experiment was 
analyzed statistically as a randomized complete block experi­
ment. 
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Table 15. Composition of experimental rations - Exp. 8II1 
Dietary Protein f%) 
12 16 
(X) 1%) 
Corn 81.97 69.90 
Soybean meal 8.09 19.07 
Dical. phosphate 2.00 1.52 
Limestone (ground) 0.59 2.00 
Oyster shell 6.00 6.00 
Vit. mix 1 0.50 0.50 
Iodized salt 0.50 0.50 
Alphacel 0.34 0.00 
Soybean oil 0.00 0.51 
^Calculated nutrient composition. Appendix Table 4. 
Results and discussion 
During periods 1 and 7, egg production for the 16% pro­
tein diet was significantly (P < .05) greater than the 12% 
protein diet (Table 16). In all other periods, a similar 
trend was noted. The increased rate of production of the 16% 
protein dist over the 12% protein diet varied from a high of 
7.4% in periods 1 and 7 to a low of 1.3% in period 5. The 
addition of methionine had no influence on egg production. 
Although the protein X methionine interaction is not signifi­
cant, it should be noted that the peak egg production in all 
periods except period 7 was attained by a 16% protein methio­
nine supplemented diet. 
In general, feed consumption was unaffected by any of 
the dietary treatments. During periods 2 thru 5, feed con­
sumption was in the range of 90 to 95 grams per day. This 
Table 16. Least-squares means - Experiment 811 
% Hen-Day Egg Grains of Feed Average Egg 
Production ConsuBed_ .Dailï_ weight. 
Period 
% Methi- 2 .  Protein % .Protein % Protein 
onine_ _ 1 2 _  "iC" " i i i s  _ 1 2 _  _ 1 6 _  Mean _ Ï 2 _  _ 1 6 _  Mean 
1  . 0 0  7 1 . 3  7 2 . 7  7 2 . 0  8 7 .  3  8 8 . 0  8 7 . 7  5 0 .  1  5 2 . 0  5 1 . 0  
.  0 6  6 7 . 7  8 2 . 3  7 5 . 0  8 8 .  3  8 8 . 5  8 8 . 4  5 0 . 2  5 2 . 9  5 1 . 6  
.  1 2  7 3 . 2  7 9 . 4  7 6 . 3  8 6 . 5  8 7 . 3  8 6 . 9  4 9 .  3  5 3 . 9  5 1 . 6  
Mean 7 0 .  7  7 8 .  1  7 4 . 4  8 7 . 4  8 8 . 0  8 7 . 7  4 9 . 9  5 2 . 9  5 1 . 4  
2  . 0 0  7 6 .  8  7 6 . 4  7 6 . 6  9 2 .  0  8 8 . 6  9 0 .  3  5 1 . 6  5 3 . 1  5 2 . 4  
. 0 6  7 7 . 0  8 0 . 0  7 8 . 5  9 0 . 6  8 8 . 5  8 9 . 5  5 0 . 9  5 4 . 8  5 2 . 9  
.  1 2  7 5 .  3  8 2 . 5  7 8 . 9  8 9 . 6  9 1 . 5  9 0 . 5  4 9 . 4  5 5 . 2  5 2 . 3  
Mean 7 6 . 4  7 9 . 6  7 8 . 0  9 0 .  7  8 9 .  5  9 0 .  1  5 0 . 6  5 4 .  4  5 2 . 5  
3 . 0 0  7 4 . 7  7 5 . 7  7 5 . 2  9 5 .  9  9 4 .  3  9 5 .  1  5 2 . 7  5 4 .  4  5 3 . 6  
. 0 6  7 7 .  9  8 0 . 0  7 8 . 9  9 6 .  4  9 5 . 5  9 6 . 0  5 2 . 5  5 5 . 4  5 4 . 0  
. 1 2  7 5 . 0  7 5 . 9  7 5 . 4  9 5 .  6  9 2 . 7  9 4 .  2  5 0 . 4  5 7 . 0  5 3 . 7  
Mean 7 5 .  8  7 7 . 2  7 6 . 5  9 6 .  0  9 4 . 2  9 5 .  1  5 1 . 9  5 5 . 6  5 3 . 8  
4  . 0 0  7 1 . 6  7 3 . 0  7 2 . 3  9 6 . 0  9 2 . 8  9 4 . 4  5 3 . 8  5 6 . 0  5 4 . 9  
. 0 6  7 1 . 1  7 6 . 0  7 3 . 5  9 6 .  4  9 2 . 8  9 4 . 6  5 2 . 9  5 7 . 0  5 5 . 0  
.  1 2  6 2 .  5  7 0 . 4  6 6 . 4  9 4 . 4  9 2 . 8  9 3 . 6  5 1 . 8  5 7 .  8  5 4 . 8  
Mean 6 8 . 4  7 3 .  1  7 0 . 8  9 5 .  6  9 2 .  8  9 4 . 2  5 2 . 8  5 7 . 0  5 4 . 9  
Table 16 continued 
% Hen-Day Egg 
-.-.Production.., 
% Methi- ___î_PEOtein 
Period 0ttiae_ _12_ 
_16- Mean 
5 .00 67.3 67.5 67.4 
.06 72.0 73.0 72.5 
. 12 67.4 70.0 68.7 
Mean 68.9 70.2 69.5 
6 .00 57.0 67.1 62.1 
.06 63. 5 63.6 63.6 
.12 64.9 62.5 63.7 
Mean 61.8 64. 4 63.1 
7 .00 57.0 69. 1 63.0 
.06 62.6 67.2 64.9 
. 12 61.8 67. 1 64.4 
Mean 60.4 67.8 64.1 
8 .00 59.7 61.1 60.4 
.06 62. 2 68.5 65.3 
. 12 60. 2 62.3 61.2 
Mean 60.7 64.0 62.3 
Grams of Feed 
_5onsumed_Dail%_ 
%_Protein 
12 16 Mean 
Average Egg 
Seiaht_iG^L_. 
Protein 
]Î2_ ~Ï6~ Hiiâ 
92.a 
92.8 
92.7 
92. 7 
85. 8 
83.0 
87. 1 
85. 3 
83. 1 
89. 1 
85.6 
85.9 
81. 1 
83. 9 
8 1 . 8  
82. 3 
89.9 
9U. 6 
89.6 
91.4 
89.9 
8 8 . 8  
88.4 
89.0 
89.3 
91.2 
90.8 
90. 4 
78.3 
87.0 
81.8 
82.4 
91.2 
93.7 
91.1 
92.0 
87. 8 
85.9 
87.7 
87.2 
8 6 . 2  
90.2 
8 8 . 2  
88. 2 
79.7 
85.4 
8 1 . 8  
82.3 
53.5 
52.2 
52.5 
52.8 
54.2 
52.5 
52.3 
53.0 
53.5 
52.8 
53.9 
53.4 
52.9 
51.5 
53.6 
52.7 
56.8 
58.7 
58. 3 
57.9 
57. 2 
59.7 
59.7 
58.9 
57.6 
59.6 
60.8 
59. 4 
57.8 
59.0 
59.6 
58.8 
55.2 
55.4 
55.4 
55.3 
55.7 
56.1 
56.0 
55.9 
55.6 
56.2 
57.3 
56.4 
55.4 
55.3 
56.6 
55.7 
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lowered to 85 to 90 grams per day when summer approached in 
periods 6 and 7. 
The most dramatic differences in this experiment were 
noted in egg weight. In all experiments, the eggs from the 
16% protein diet were significantly heavier (P < .01) than 
those from the 12% protein diet. The difference in egg size 
between the 2 diets during periods 1 thru 8 was: 3.0, 3.8, 
3.7, 4.2, 5.1, 5.9, 6.0 and 6.1 grams. 
The protein X methionine interaction for egg weight was 
significant in period 2 (P < .05) and period 6 (P < .10). In 
nearly all periods, methionine additions to the 12% protein 
diet depressed egg weight and methionine additions to the 16% 
protein diet increased egg weight. The means of the 16% pro­
tein diet for each level of methionine were: period 1, 52.0, 
52.9, 53.9 g.; period 2, 53.1, 54.8, 55.2 g.; period 3, 54.4, 
55.4, 57.0 g.; period 4, 56.0, 57.0, 57.8 g.; period 5, 56.8, 
58.7, 58.3 g.; period 6, 57.2, 59.7, 59.7 g.; period 7, 57.6 
59.6, 60.8 g.; period 8, 57.8, 59.0, 59.6 g. 
Experiment 824 
Ofejesiive 
The relationship of protein and metabolizeable energy in 
poultry diets is cf primary concern to poultry nutritionists. 
This experiment was undertaken to evaluate the addition of 
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different levels of methionine to diets containing 3 differ­
ent calorie and protein levels with the ratio of calories to 
protein being constant. 
The hen's requirement for amino acids can be expressed 
in several fashions: (1) milligrams of amino acid per hen 
per day, (2) percent of amino acid per megacalorie (Therm) of 
metabolizeable energy per kilogram of diet, (3) percentage of 
the protein and (U) percentage of the diet. 
It was hoped that this experiment would give some 
insight in establishing which of these methods would most 
satisfactorily fulfill the hen's methionine raguirement. 
All of the diets contained sufficient amino acids to 
meet the M.B.C. (1966) requirements except total sulfur con­
taining amino acids when the amino acid requirements are 
expressed as a percentage of the diet. None of the diets met 
the requirement for total sulfur containing amino acids. 
Experimental design 
Hy-Line layers were placed on experimental diets at 3U 
weeks of age (June 12, 1972). Data were collected for 5 
consecutive 28-day periods from 33 to 52 weeks of age. 
Diets containing 3 different nutrient density levels 
(Table 17, 2600 Kcal. H.E./kg., 13.5% protein; 3000 Kcal. 
M.E./kg., 15.5% protein; 3400 Kcal. M.E./kg., 17.5% protein) 
were supplemented factorially with methionine at the levels 
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of 0, .05 and .10%. 
Table 17. composition of experimental rations - Exp. 8241 
Nutrient Density 
1 2 3 
(*) (%) 7*)~ 
Corn 64.70 70.70 54.70 
Soybean meal 16. 10 19.10 26.10 
Limestone (ground) 1.00 0.90 0.90 
Defl. rock phosphate 2.00 2.00 2.00 
Oyster shell 5.00 5.00 5.00 
Regular salt mix 0.50 0.50 0.50 
Vit. mix 824 0.50 0.50 0.50 
Solka-floc 10.20 0.00 0.00 
Animal fat 0.00 1 .30 10.20 
^Calculated nutrient composition, appendix Table 5. 
Each diet was fed to U replicate experimental units, 
each consisting of 4 individually caged hens. The treatments 
were blocked on location within the house. However, for pur­
poses of statistical analysis, the experiment was analyzed as 
a completely randomized design. 
Results and discussion 
The results (Table 18) are reported by period. The feed 
intake of the hens receiving density 3 (3400 Real. M.E./kg., 
17.5% protein) was so severely reduced during period 3, that 
it was necessary to terminate the part of the experiment in­
volving this diet at the end of period 3. The reason for 
Table 18. Least-squares means - Experiment 824 
Dens2 0 
% Hen-Day Egg 
EEoduct ion  
% Added Methionine 
Grams of Feed 
Consumed_Dail% 
% Add-ed Methionine 
Average Egg 
Weiakt_IGiL 
% Added Methionine 
1 
2 
3 
Mean 
71.0 
70.6 
80 .1  
76.5 
_i05 _iig Mean __0_ _  __i05 _iig_ «Mean __0_ 
_ilO Mean 
69.0 72. 1 70.7 95. 5 96.6 99.8 97. 3 56.0 56.8 57.9 56.9 
79.9 82. 1 80.2 99. 6 96.0 107.4 101.0 58.3 56.5 60.4 58.4 
73. 4 78.4 77.3 89.0 83.2 88.4 86.8 58.7 58.2 57.9 58.3 
74. 1 77. 5 76.1 94.7 91.9 98.6 95. 0 57.7 57; 2 58.7 57.9 
2 1 77.7 73. 9 75. 0 75. 5 104. 3 103. 1 106.7 104. 7 56.3 57. 6 58.2 57. 4 
2 80.4 81. 4 84. 8 82. 2 100. 1 97. 4 109.6 102. 4 58.2 58. 0 61.6 59. 3 
3 59.2 66. 1 61. 1 62. 1 61. 4 67. 2 63.8 64. 1 41.6 56. 2 41.8 46. 5 
Mean 72.4 73. 8 73. 6 73. 3 88. 6 89. 2 93.4 90. 4 52.0 57. 3 53.8 54. 4 
3 1 79.4 71. 8 76. 6 75. 9 108. 1 104. 3 110.2 107. 5 57.5 59. 0 59.5 58. 7 
2 77.6 80. 8 81. 5 79. 9 98. 8 100. 3 110.9 103. 4 59.7 59. 1 63.1 60. 6 
3 13. 1 30. 3 14. 8 19. 4 30. 8 40. 1 28.9 33. 2 - - -
Mean 56.7 60. 9 57. 6 58. 4 79. 2 81. 6 83.3 81. 4 58.6 59. 0 61.3 59. 6 
4 1 81.2 78. 4 74. 3 78. 0 112. 1 108. 7 110.4 110. 4 59.7 61. 0 63.0 61. 2 
2 77.9 81. 0 81. 5 80. 1 100. 8 101. 8 113.6 105. 4 61.7 61. 6 64.7 62. 7 
Mean 79.6 79. 7 77. 9 79. 1 106. 4 105. 3 112.0 107. 9 60.7 61. 3 63.8 61. 9 
5 1 75.9 74. 0 69.4 73. 1 117. 8 1 14. 8 113.4 1 15. 4 61.0 61.3 62.8 61.7 
2 68.8 73. 4 75.2 72.5 102. 7 105. 8 113.6 107. 4 62.6 62.4 65.9 63.6 
Mean 72.4 73. 7 72. 3 72.8 110. 2 110. 3 113.5 111. 4 61.8 61.9 64.3 62.7 
ip = Period. 
ZDens = Nutrient Density, 1 = 2600 Kcal. M.E./kg., 13.5% protein; 
2 = 3000 Kcal. M.E./kg., 15.5% protein; 3 = 3400 Kcal. M.E./kg., 17.5% protein. 
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th is  reduced feed  intake  was  thought  to  be  the  h igh fat  con­
tent  of  the  d ie t  (10.2% added fat )  a long with  the  hot  August  
weather .  
During the first 3 periods, a significant (P < .01) 
quadratic response to nutrient density was noted in egg pro­
duction, The means of the 3 density levels and the corre-
spondinq level of significance of the quadratic components 
were: period 70.7, 80.2 and 77.3% {? < .05); period 2, 
75. 5, 82.2 and 62.1% (? < .01); period 3, 75.9, 79.9 and 
19.4% (P < .01) . 
The effect of methionine on egg production was non­
significant during the first 3 periods. The density X methi­
onine interaction was significant (P < .05) durinq the third 
period. Additions of methionine decreased the egg production 
of the hens receiving density level 1, but increased the pro­
duction of those receivinq density level 2. 
In the first period, a quadratic response (P < .01) in 
feed consumption was noted due to nutrient density (97.3, 
101.0 and 86.8 q.). In the 2 succeedinq periods, quadratic 
responses (P < .01) were attained (period 2, 104.7, 102.4 and 
64.1 q.; period 3, 107.5, 103.4 and 33.2 q.). After the 
first period, the hens receivinq diet density 1 were able to 
increase their feed intake to an amount qreater than that 
consumed by density level 2. 
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There were no significant effects on egg weight noted 
daring period 1. During period 2, a linear (P < .10) effect 
on egg weight was noted dae to nutrient density (57.4, 59.3 
and 46.5 g.). In the third period, sufficient numbers of 
eggs from density 3 were not available for weighing. The 
eggs from density 1 weighed less (P < .01) than those from 
density 2 (58.7 vs. 60.6 g.)-
In the final 2 periods (periods 4 and 5), where density 
level 3 was deleted, the significant density X methionine in­
teraction noted for egg production in period 3 was again 
noted- In period 4, the means (sig. P < .05) for the in­
creasing levels of methionine were: density 1, 81.2, 78.4 
and 74.3%; density 2, 77.9, 81.0 and 81.5%. In period 5, the 
corresponding means (P < .10) were: density 1, 75.9, 74.0 
and 69.4%; density 2, 68.8, 73.4 and 75.2%. With methionine 
additions to the density 1 diets, egg production was de­
pressed. With methionine additions to the density 2 diets, 
egg production was increased. 
The trend for the methionine X density interaction to be 
significant (P < .10) for feed consumption was noted. Addi­
tions of methionine to the density 1 diet depressed feed 
intake (period 4, 112.1, 108-7 and 110.4 g.; period 5, 117-8, 
114.8 and 113.4 g.) and additions of methionine to the densi­
ty 2 diets increased feed consumption (period 4, 100.8, 101.8 
and 113-6 g.; period 5, 102.7, 105.8 and 113.6 g.). 
55 
Although the hens receiving the density V diets consumed 
more feed (P < .10, period 4; P < .01, period 5) than did 
those hens receiving the density 2 diets, they neither 
consumed more calories nor more protein on a daily basis. 
Daily protein consumptions (g.) for the two different 
densities were: period 4, 14.9, 16.3 (P < .01); period 5, 
15.6, 16.6 (P < .05). Daily energy consumptions (Kcal.) 
were: period 4, 287.1, 316.2 (P < .01); period 5, 299.9, 
322.1 (P < .01). Furthermore, the density X methionine in­
teractions for both daily protein consumption and daily ener­
gy consumption were significant (P < .10). As methionine ad­
ditions were made to the density 1 diets, daily protein and 
energy consumption decreased. The reverse was noted when me­
thionine was added to the density 2 diets. 
The effect of density on egg weight was not significant 
in period U (61.2 vs. 62.7 g.), but was significant in period 
5 (61.7 vs. 63.6 g.) . 
A linear response on egg weight to the addition of me­
thionine was noted: period 4, 60.7, 61.3 and 63.8 g. (P < 
.05); period 5, 61.8, 61.9 and 64.3 g. {P < .10). 
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Leucine labalanced Series 
Objective 
In light of the failure to achieve a satisfactory re­
sponse when methionine, tryptophan and lysine were added to 
12^ protein diets, it was decided to examine the possibility 
of an amino acid imbalance causing an impaired performance of 
these diets. 
When a diet contains excess leucine, as reported by Bray 
(1970), an amino acid imbalance occurs which can be overcome 
by the addition of isoleucine and valine. Corn protein, as 
noted in Table 19, contains a larger share of its protein as 
leucine as compared to soybean meal (12.5% vs. 7.01%). The 
isoleucine and valine contents of the 2 feedstuffs are simi­
lar in each feedstuff when compared on the basis of percent­
age of the protein (corn 4.54%, soybean meal 5.0%). 
When comparing different blends of corn and soybean meal 
in isocaloric diets (Table 20) to give protein levels ranging 
from 10 to 19%, it is noted that the leucine content of the 
diet increases as dietary protein is increased when expressed 
as a percentage of the protein. As the protein percentage 
increases, isoleucine and valine also increase when expressed 
as a percentage of the diet, but change very little when 
expressed as a percentage of the protein. The ratio of leu-
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Table 19. A comparison of the branched chained amino acid 
contents of corn and soybean meal 
Protein 
Leucine 
Isoleucine 
Valine 
Corn Soybean Weal 
% of Diet % of Protein % of Diet % of Protein 
8,80 
1 .10  
.ao 
.UO 
12.50 
4. 5% 
U. 5U 
48.50 
3.U0 
2.50 
2.40 
7.01 
5.15 
4. 95 
Table 20. A comparison of the branched chained amino acid 
contents of corn-soybean meal diets ranging in protein 
content from 10 to 19** 
Leucine Isoleucine Valine 
Protein Corn : Soybean %_D_ P_ % D %_D %_ c" 
10 (85.7:3.1) 1.05 10. 50 .42 4.20 .42 4. 20 
13 (79.5: 10.7} 1. 24 9. 54 .59 4.54 .58 4. 46 
16 (69.9: 19.1) 1.42 8. 88 .76 4.75 .74 4. 62 
19 (60. 3:27.4) 1.60 8. 42 .93 4. 89 .90 4. 73 
^Compositions are expressed as percentage of diet and 
percentage of protein. 
Table 21. Ratios of branched chained amino acid contents 
of the diets listed in Table 20 
Ratios^ 
Prote in  
_LlI 
10 2.50 2. 50 
13 2. 10 2. 14 
16 1. 87 1.92 
19 1.72 1.78 
iRatios are: Leucine/Isoleucine and Leucine/Valine. 
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cine to isoleucine, or leucine to valine, is approximately 
2.5:1 in a 10% protein diet and 1.72:1 in a 19% protein diet 
(Table 21). The low protein diets, containing larger amounts 
of leucine-rich corn protein, may contain an imbalance of 
leucine, isoleucine and valine. 
The object of these experiments was to evaluate the ad­
dition of leucine to several diets to see if an imbalance 
could be caused which in turn would be overcome by the addi­
tions of isoleucine and valine. 
Experiment 800 
Objective 
To evaluate the influence of leucine additions to diets 
containing different leucine to isoleucine ratios, basal 
isocaloric diets containing 12% protein were formulated to 
contain different corn protein to soybean protein ratios. An 
attempt to imbalance these diets was made by adding various 
levels of leucine. Isoleucine was added in hopes of 
correcting the imbalance. 
Experimental design 
Welp hens which had been included in Experiment 786 
until UU weeks of age were fed the pre-experimental layer 
diet (Table 3) from 45 to 50 weeks of age. No attempt was 
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made to force the hens into a molt. At 50 weeks of age (June 
10, 1971), the hens were rigidly culled on the basis of body 
weight and egg production to select a potential homogeneous 
population and were placed on experimental diets. Data were 
collected for 2 consecutive 28-day periods. 
Seven individually caged, individually fed hens were as­
s i g n e d  t o  e a c h  o f  t h e  2 4  e x p e r i m e n t a l  d i e t s  i n  t h e  2 X 4 X 3  
factorial completely randomized designed experiment in which 
individual hens were the experimental units. 
Table 22. Composition of experimental rations - Exp. 800* 
Diet Type 
Dilute 
(*) (X) 
Corn 78.75 49.60 
Soybean meal 10.00 15.50 
Calcium carb. prec. 0.45 0.70 
Dical, phosphate 2.00 2.00 
Oyster shell 6.00 6.00 
Iodized salt 0.30 0.30 
Vit. mix 1 0.50 0.50 
Dextrose 0.00 24.00 
5% lysine premix 1.00 0.00 
5% meth. premix 1 .00 1.40 
^Calculated nutrient composition. Appendix Table 2. 
Two basal diets (Table 22) were formulated to contain 
different corn protein to soy protein ratios. A diet con­
taining the proper ratio of corn protein to soybean protein 
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(1.6:1) to qive a 12% protein diet was referred to as the 
regular diet. Another basal diet, referred to as the diluted 
diet was formulated to contain the corn protein to soybean 
protein ratio of a 16% protein diet (0.6:1). Dextrose»- was 
added as a diluent to reduce the protein content of the diet 
to 12%. 
Each of these basal diets were supplemented factorially 
with L-leucine (0, .25, .50 and .75%) and DL-isoleucine (0, 
.10 and .20%) . 
The regular diet was deficient in lysine and methionine. 
These amino acids were added to approach the N.R.C. (1966) 
requirements. The regular diet contained 1.22% leucine and 
.57% isoleucine (ratio = 2.14:1). The dextrose-diluted diet 
was low in methionine which was added to approach the N.R.C. 
requirement. This diet contained 1.08% leucine and .59% iso­
leucine (ratio 1.83:1). The regular and diluted diets con­
tained similar percentages of all the other essential amino 
acids except for tyrosine (regular diet, .14%; diluted diet 
.21%). No attempt was made to corrrect this difference. 
Results and discussion 
Since data collection began immediately after the hens 
1 Furnished through the courtesy of Clinton Corn Products 
Co., Clinton, Iowa. 
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were placed on the experimental diets, the results from 
period 1 are not reported because the hens were becoming 
accustomed to the diets during this period. Since many of 
the hens were well beyond their point of peak egg production, 
data from hens laying eggs at a rate of less than 35% were 
not included in either the statistical analysis or the means. 
In the second period (Table 23), both egg production and 
feed consumption decreased linearly (P < .01) due to the ad­
dition of leucine. Egg production means for increasing 
levels of leucine were: 69.3, 69.0, 68.8 and 60.5%. 
Feed consumption means were: 87.7, 88.4, 85.7 and 74.9 
g. As shown by both egg production and feed consumption, the 
diets were iabalanced only when leucine was added at a level 
of .75%. 
A significant (P < .10) type X leucine interaction for 
feed consumption was noted. The hens receiving the regular 
diet consumed less feed when .75% L-leucine was added to 
their diet than did the hens receiving the diluted diet. As 
the leucine level increased, the means were: regular diet, 
89.1, 88.2, 85.7 and 68.6 g.; diluted diet, 86.4, 88.5, 85.7 
and 81.0 g. The diluted diet contained a lower ratio of leu­
cine to isoleucine since it contained less leucine rich corn 
protein. Apparently it was less readily imbalanced by the 
addition of leucine. 
Table 23. Arithmetic and least-squares means - Experiment 8OO1 
%_Hen: -Day Egg Production Grams_ of_Feed Consumed Daily 
% L- % DL-Isoleucine % DL-Isoleucine 
Type 2 Leucine 1 1 _i10 _i20 "Mean _i20 Mean 
P .00 67. 2 68.5 66.2 67.4 93,0 85.0 88. 5 89. 1 
. 25 65.5 70.4 67. 9 67.8 89.7 84.2 90,6 88. 2 
. 50 73.6 71.0 65.5 70,0 85.1 85.9 85.8 85.7 
.75 48.7 66.0 61.1 57.9 65.7 71.7 68,6 68. 6 
Mean 63.7 68.9 64.8 65.8 83.4 81.9 83.5 83.0 
D .00 70. U 72.6 70.4 71,1 86.5 88.9 83.9 86.4 
.25 66.7 69.8 75.0 70.2 88.9 92.9 85,9 88.5 
.50 69.8 69.7 63.7 67.6 80,8 86.5 87.5 85.7 
.75 63.0 66.7 60. 5 63. 1 73, 1 87.8 81 . 9 81 .0 
Mean 67.4 69.6 67. 1 68.0 82,9 88.4 84,9 85.4 
Mean .00 68.9 70.7 68.2 69.3 89.9 87.1 86.2 87,7 
.25 66.2 70.0 71.0 69.0 89,3 87.2 88.6 88, 4 
.50 71.8 70.0 64.5 68.8 84,1 86.5 86.6 85,7 
.75 55.2 66.2 60.2 60.5 69.5 79.8 75. 5 74. 9 
Mean 65,5 69.2 66, 0 66.9 83.2 85.1 84.2 84,2 
iThe means for the Type X Leucine X Isoleucine interaction are arithmetic means. 
All other means are least-squares means. The analyses of variance were conducted 
only on those data from hens laying at a rate of 35% hen-day egg production or greater 
zDiet type, R = regular blend of corn and soybean meal to give a 12% protein diet 
D = dextrose diluted blend of corn and soybean meal in the proportions found in a 16% 
protein diet, but diluted to 12% protein. 
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The hens receiving the regular diet iobaianced with .75% 
leucine responded somewhat to the additions of isoleacine. 
Egg production means for these hens for increasing isoleucine 
levels were: 48.7, 66.0 and 61.1%. Feed consumption means 
were 65.7, 71.7 and 68.6 g. 
Experiment 809 
Object ive  
In light of the results attained in Experiment 800, it 
was decided to duplicate this experiment over a wider range 
of dietary protein levels, again comparing diluted and non-
diluted diets. 
The addition of .75% L-leucine imbalanced the 12% pro­
tein diets in Experiment 800, so this level was chosen for 
this experiment. Since the addition of .10% DL-isoleucine 
improved performance more in Experiment 800 than did the ad­
dition of .20% DL-isoleucine, this level was chosen to at­
tempt to correct the imbalance. 
Experimental  des ign  
Help layers which were reared under identical conditions 
to those described for Experiment 811 (Methionine series) 
were placed on experimental diets at 32 weeks of age. Data 
were collected during four 28-day periods from 35 to 50 weeks 
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of age (starting January 4, 1972). Six individually fed, in­
dividually caged hens were assigned to each of the 24 diets 
in the 3X2X2X2 factorial experiment. Individual hens 
were the experimental units. To simplify feeding procedures, 
the experimental units were grouped into units of 3 birds 
each and randomly distributed in the cages. For purposes of 
statistical analysis, the experiment was analyzed as a com­
pletely randomized design. 
The 6 basal corn-soybean meal diets (Table 24) contained 
3 protein levels (10, 13 and 16%) and 2 different corn pro­
tein to soybean protein ratios (regular vs. diluted). At 
each protein level, the dextrose diluted diet was formulated 
to contain the corn protein to soybean protein ratio of a 
diet 3% greater in protein (i.e. the 16% protein diluted diet 
contained the corn protein to soybean protein ratio of a 19% 
protein diet). 
Each of these 6 basais were supplemented factorially 
with L-leucine (0, .75%) and DL-isoleucine (0, .10%). 
Results and discussion 
The statistical analysis program used to analyze the 
results assumed a completely balanced design. Since individ­
ual hens were the experimental units, the design was not 
balanced whenever mortality occurred and a hen was missing. 
For this reason, several of the sources of variation are 
Table 24. Composition of 6 basal experimental cat ions - Experiments 809-810» 
Dietary Protein (%) 
jO 13 16 
__19 
Regular Dilute Regular Dilute Regular Dilute Regular 
( % )  {%r"~ "" (%) •*" (%f ~~ (*) 
Corn 85.68 61.04 79. 51 56.83 69. 90 50.80 60.29 
Soybean meal 3.09 8.27 10. 72 15.48 19.07 23 .08 27.40 
Alphacel 1.59 1.54 0. 00 0.00 0.00 0.00 0.00 
Soybean oil 0.00 0.00 0. 20 0.23 1.52 1.55 2.84 
Dical. phosphate 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
Limestone (ground) 0.63 0.61 0.57 0.55 0. 51 0.49 0.45 
Oyster shell 6.00 6.00 6. 00 6.00 6.00 6.00 6.00 
Vit. mix 1 0.50 0.50 0. 50 0.50 0.50 0.50 0.50 
Iodized salt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Dextrose 0.00 19.53 0. 00 17.90 0.00 15 .08 0.00 
^Calculated nutrient composition. Appendix Table 3. 
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listed as having a negative mean square. According to Coxi, 
this should have little bearing on the interpretation of the 
results. 
Egg production means for all individual treatments are 
presented in Table 25. Since the effect of isoleucine vas 
not consistently significant, the means are summarized across 
isoleucine levels in Table 26. 
In all periods, egg production responded linearly (P < 
.01) to the increased protein level. The means for the in­
creasing levels of protein were: period 1, 62.3, 78.7 and 
79.5%; period 2, 57.0, 79.0 and 80.0%; period 3, U8.7, 75.7 
and 78.8%; period 4, 46.3, 74.4 and 74.8%. 
Feed consumption was similarly affected (P<.01): period 
1, 75.9, 84.8 and 83.0 g. ; period 2, 76.3, 92.5 and 87.7 g. ; 
period 3, 79.0, 97.5 and 91.2 g.; period 4, 79.9, 99.5 and 
93.7 g. 
The effect of type (dilution vs. non-dilution) on egg 
production was significant (P < .01) in all 4 periods. The 
means of the diluted diet were significantly greater than the 
regular non-diluted diet. The means (regular vs. diluted) 
were: period 1, 71.1, 75.8%; period 2, 68.9, 75.0%; period 
3, 65.0, 70.4%; and period 4, 61.9, 68.3%. 
iCox, D.y Statistical Laboratory, Iowa State Univ., 
Ames, Iowa. Personal Communication, 1972. 
Table 25. All arithmetic means for % hen-day egg pro­
duction - Experiment 809 
Period 1 PerioA_2_ Period 3 Period ft 
ISO ISO ISO ISO 
P_ T Leu _0__ i10_ _0_ 
— 
^10_ 0_ .10 0_ 
-
_ilO_ 
10 R 0 62.5 56,6 56. 6 51.8 47. 9 48.2 37. 9 45. 8 
.75 56.0 53.0 41. 6 46. 4 29. 8 39.9 29. 8 33. 3 
D 0 72.6 71».U 69. 7 73. 2 57- 2 66.1 61. 9 63.7 
.75 69.0 54.2 64. 3 52.4 54. 2 46.4 56. 5 39.9 
1 3 R 0 82.1 81.5 80. 3 80.4 79. 2 79.2 76. 8 78.0 
.75 76.8 79.1 75. 0 78.0 72. 0 75.0 67. 3 73.8 
D 0 7(*. a 74.4 76. 2 78. 0 77. 4 73.8 78. 0 63.7 
.75 85. 1 76.2 85. 1 79.1 78. 6 70.8 77. 4 80.4 
16 S 0 79.8 84.5 80. 4 81.6 79. 2 79.2 76. 2 77.4 
.75 79.8 61.9 /B. 3 >7.9 84. 3 DO.O f D • g 
D 0 75.6 85.7 81. 6 76. 8 78. 6 86.4 69. 3 85.7 
.75 81.5 86.9 82. 8 80.4 76. 8 81.6 65. 5 81.0 
10 R 0 78. 5 73.3 70. 9 74. 4 72. 7 79.9 77. 9 80. 4 
.75 68. 7 64 .9 64. 7 70. 9 63. 3 76.8 68. 4 67. 3 
D 0 88. 8 89.3 89. 6 87. 7 89. 3 91.2 93. 1 90. 7 
.75 78. 2 65.2 86. 8 65. 5 83. 9 73.8 88. 2 72. 2 
1 3 R 0 92. 2 89.8 97. 1 92. 6 102. 5 100.9 105. 5 100. 6 
.75 80. 1 85.8 88. 2 93. 3 90. 9 96.9 90. 9 101. 7 
D 0 76. 6 83.3 89. 0 87. 4 97. 1 90.1 100. 1 90. 4 
.75 89. 8 81.2 95. 2 97. 2 101. 2 100.4 1 00. 7 106. 3 
16 P 0 79. 3 81.2 88. 2 85. 2 88. 8 86.3 92. 0 88. 2 
.75 79. 5 77.1 80. 4 88. 0 89. 3 91.7 89. 6 102. 5 
R 0 83. 6 91.7 92. 6 87. 4 93. 4 100.0 85. 9 102. 3 
.75 79. 6 92.3 86. 8 92. 8 84. 9 99. 3 89. 0 101. 2 
^Abbreviat ions  are:  P =  % prote in;  T =  d ie t  type ,  
R =  regular ,  D =  d i lute;  LEU =  % added L- leuc ine;  
ISO = % added DL-iso leuc ine .  
Table 26. Arithmetic means for % hen-day egg production - Exp. 809 
Protein 
10 
13 
16 
Mean 
Period 1 Period 2 Period 3 Period U 
% L-Leucine % L-Leucine % L-Leucine X L-Leucine 
lïEÊ __0_ _i75 Mean __0_  _.Z5 Mean __0_  Mean __g_  _.75 Mean 
R 
D 
Mean 
59.5 
73.5 
66.5 
54. 5 
61.6 
58.0 
57.0 
67.6 
62.3 
54.2 
71.4 
62.8 
44.0 
58. 3 
51.2 
49.1 
64.9 
57.0 
48.0 
61.6 
55. 1 
34. 8 
50. 3 
42.6 
41.1 
55.9 
48.7 
42.2 
62. 8 
52.9 
31.6 
48.2 
39.9 
36.6 
55.5 
46. 3 
R 81. 8 78. 0 79-9 80. 4 76. 5 78. 4 79. 2 73. 5 76. 3 77. 4 70.5 74. 0 
D 74. 4 80. 6 77. 5 77. 1 82. 1 79.6 75. 6 74. 7 75. 1 70. 8 78,9 74. 8 
Mean 78. 1 79. 3 78. 7 78. 7 79. 3 79.0 77. 4 74. 1 75. 7 74. 1 74.7 74. 4 
R 82. 1 70. 8 76. 5 81. 0 78. 1 7 9.6 79. 2 74. 6 77. 0 76. 8 72.4 74. 7 
D 80. 6 84. 2 82. 5 79. 2 81. 6 80.4 82. 2 79. 2 80. 6 76. 8 73.2 74. 9 
Mean 81. 4 77. 5 79. 5 80. 0 79. 9 80.0 80. 6 77. 0 78. 8 76. 8 72.8 74. 8 
R 74. 5 67. 8 71. 1 71. 8 65. 9 68.9 69. 4 60. 6 65. 0 66. 1 57.7 61. 9 
D 76. 2 75. 5 75. 8 75. 9 74. 0 75.0 72. 8 68. 1 70. 4 69. 9 6 6.8 68. 3 
Mean 75. 4 71. 6 73. 5 73. 8 70. 0 71.9 71. 1 64. 4 67. 7 68. 0 62.3 65. 2 
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Furthermore, the protein X type interaction for egg pro­
duction was significant for all periods (P < .05 periods 1 
and 3, P < .01 periods 2 and 4) . The means for the regular 
vs. the diluted diets at each protein level were: 10% pro­
tein, period 1, 57,0, 67.6, period 2 49.1, 64.9, period 3, 
41.1, 55.9, period 4, 36.6, 55.5; 13% protein, period 1, 
79.9, 77.5, period 2, 78.4, 79.6, period 3, 76.3, 75.1, 
period 4, 74.0, 74.8; 16% protein, period 1, 76.5, 82.5, 
period 2, 79.6, 80.4, period 3, 77.0, 80.6, period 4, 74.7, 
74.9%. Egg production for the diluted 10% protein diet was 
vastly improved over the non-diluted 10% protein diet. The 
differences between the regular and diluted diets were not 
nearly so great at the 13 and 16% protein levels. 
The feed consomption differences (Table 27) readily 
explain the differences noted in egg production for the 
effect of both type and protein X type. The protein X type 
interaction for feed consumption was significant in 3 of the 
4 periods (period 1, P < .01; periods 2 and 3, P < .05). The 
feed consumption means for the regular vs. the diluted diet 
during period 4 are typical of the other periods (10% pro­
tein, 73.4, 86.0 g.; 13% protein, 99.7 99.4 g. ; 16% protein, 
93.2, 94.3 g.). 
Leucine additions significantly lowered egg production: 
period 1, 75.4, 71.6% (P < .05); period 2, 73.8, 70.0% (P < 
.05); period 3, 7 1.1, 64.4% (P < .01) and period 4, 68.0, 
Table 27. Arithmetic means for feed consumption (g./hen/day) - Exp. 809 
% 
Protein 
10 
13 
16 
Mean 
Period 1 Period 2 Period 3 Period 4 
% L-Leucine % L-Leucine % L-Leucine 
IXBG _ _ 0 _  Mean _ _ 0 _  _i75 Mean _ _ 0 _  _i75 Mean 
R 
D 
Mean 
75. 9 
89.0 
82. 5 
66.8 
71.7 
69. 3 
71.4 
80.4 
75. 9 
72.6 
88.6 
80.6 
67. 8 
76.2 
72.0 
70.2 
82.4 
76. 3 
76. 1 
90. 2 
83.4 
70. 1 
78.9 
74.5 
73.2 
84.6 
79.0 
% ,L-Leacine 
ZZÔ]"]T25~"Eêân 
79.2 68.0 73.4 
91.9 80.2 86.0 
85.8 74.1 79.9 
R 91. 0 82. 9 87. 0 94. 8 90. 8 92. 8 101. 7 93. 9 97.8 103. 1 96.3 99. 7 
D 79. 9 85. 5 82. 7 88. 2 96. 2 92. 2 93. 6100. 8 97.2 95. 2103.5 99. 4 
Mean 85. 5 84. 2 84. 8 91. 5 93. 5 92. 5 97. 6 97. 4 97.5 99. 2 99.9 99. 5 
R 80. 2 78. 3 79. 3 86. 7 83. 9 85. 3 85. 5 90. 6 89.0 90. 1 96.6 93. 2 
D 87. 6 85. 9 86. 8 90. 0 89. 8 89. 9 96. 4 92. 1 94.1 93. 3 95.1 94. 3 
Mean 83. 9 82. 1 83. 0 88. 3 87. 0 87. 7 91. 0 91. 4 91.2 91. 6 95.8 93. 7 
R 82. 4 76. 0 79. 2 84. 7 80. 7 82. 8 89. 0 84. 7 86.8 91. 1 86.7 88. 9 
D 85. 5 81. 0 83. 3 88. 9 87. 4 88. 2 93. 3 90. 6 91.9 93. 5 92.9 93. 2 
Mean 84. 0 78. 5 81. 2 86. 8 84. 1 85. 5 91. 1 87. 7 89.4 92. 3 89.9 91. 1 
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62.3% (P < .01). 
The addition of leucine lowered feed intake significant­
ly (P < .01) daring period 1 (84.0, 78.5 g.) and a similar 
trend was noted in the remaining periods. 
The protein X leucine interaction for egg production was 
significant (P < .05) for periods 2 and 4. A similar trend 
was noted in periods 1 and 3. The addition of leucine to the 
10% protein diet greatly depressed egg production (period 1, 
66.5, 58.0%; period 2, 62.8, 51.2%; period 3, 55.1, 42.6%; 
period 4, 52.9, 39-9%). The addition of leucine to the 13 
and 16% protein diets had very little, if any, effect on egg 
production. 
The means for the protein X leucine interaction for feed 
consumption tended to follow those of egg production (i.e., 
severe depression on the 10% protein diet and no affect on 
the 13 and 16% protein diets). 
It should be noted that in the low protein diets 
imbalanced by the addition of leucine, isoleucine additions 
did not overcome the imbalance. 
Egg weights (Table 28) were significantly (P < .01) 
influenced by protein level (period 1, 47.4, 50.4 and 51.3 
g. ; period 2, 47.4, 51.6 and 53.1 g. ; period 3, 48.2, 52.7 
and 54.0 g.; period 4, 48.6, 54.2 and 54.0 g.). 
The egg weights were also significantly affected by the 
dietary type (diluted vs. non-diluted). The eggs from the 
Table 28. Arithmetic means for average egg weight (g.) - Exp. 809 
% 
Protein 
10 
13 
16 
Mean 
Period 1 Period 2 Period 3 Period U 
__%_lc&eucine__ X L-Leucine % L-Leucine % L-Leucine 
ï lRe  __g_ Mean __0_ _^75 Mean __0_ _i75 Mean __0_ 
_i25 Mean 
R 
D 
Mean 
46.9 
48.0 
47.5 
50.0 
47.6 
47. 3 
46.9 
47.8 
47.4 
45.5 
47.6 
46.6 
48.6 
47.8 
48. 1 
47.0 
47.7 
47.4 
46. 9 
48.6 
47.8 
48.7 
48. 2 
48.4 
47.8 
48.4 
48.2 
46.3 
49.8 
48.3 
48.7 
49.2 
49.0 
47.3 
49.5 
48.6 
R 51. 3 52. 4 51.9 52. 3 53. 9 53. 1 54. 1 53. 8 54. 0 54.6 56.8 55. 7 
D 48. 7 49. 0 48.9 49. 8 50. 3 50. 0 51. 0 51. 6 51. 3 52. 1 53.2 52. 6 
Mean 50. 0 50. 7 50.4 51. 0 52. 1 51. 6 52. 6 52. 8 52. 7 53.4 55.0 54. 2 
B 50. 2 52. 7 51.4 52. 5 54. 3 53. 3 53. 7 54. 2 53. 9 53.7 52.5 53. 2 
D 50. 6 51. 9 51.3 52. 6 53. 2 52. 9 54. 0 54. 2 54. 1 54.0 55.6 54. 8 
Mean 50. 4 52. 3 51.3 52. 5 53. 7 53. 1 53. 9 54. 2 54. 0 53.8 54. 1 54. 0 
R 49. 5 50. 9 50. 1 50. 4 52. 3 51. 3 52. 0 52. 5 52. 2 52.0 53.3 52. 6 
D 49. 1 49. 5 49.3 50. 0 50. 4 50. 2 51. 1 51. 5 51. 3 51.8 52.8 52. 3 
Mean 49. 3 50. 2 49.7 50. 2 51. 3 50. 8 51. 6 52. 0 51. 8 51.9 53.0 52. 5 
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hens receiving the diluted diets were slightly smaller in all 
periods. The decreased egg size ranged from 1.1 g. in period 
2 to 0.3 g. in period 
Neither the addition of leucine nor isoleucine had any 
consistent effect on eqq size. 
Table 29. Final fcody wt. (Kg.) - Exp. 809 
% % L-Leucine 
Protein IXEê 0 .75 Mean 
10 R 1.26 1.19 1. 22 
D 1.28 1.19 1.23 
Mean 1.27 1. 19 1.23 
13 B 1,66 1.54 1. 60 
D 1.16 1.58 1. 52 
Mean 1.56 1.56 1.56 
16 . R 1.50 1.60 1. 55 
D 1.53 1.60 1.57 
Mean 1.52 1.60 1.56 
Mean R 1.48 1.44 1.46 
D 1.42 1.46 1.44 
Mean 1.45 1.45 1.45 
The final body weight (Table 29) of the hens receiving 
the 10% protein diet was lower than the 13 and 1656 protein 
diets (1.23, 1.56 and 1.56 kg.). Dilution of the diet had no 
effect on final body weights and leucine additions had 
little, if any effect on final body weights. No significant 
differences were noted for isoleucine additions. 
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Experiment 810 
Objective 
To evaluate the effects of excess dietary leucine, a 
study was conducted adding various levels of leucine to diets 
containing various levels of protein. It was anticipated 
that high levels of leucine would be much more toxic to hens 
receiving low protein diets than to hens receiving high pro­
tein diets. r£p£ this cêasoû, the higher levels of Isuciae 
were not added to the low protein diets. 
Experimental design 
This experiment was conducted simultaneously under iden­
tical conditions with Experiment 809. When appropriate, sev­
eral diets were involved in both Experiments 809 and 810. 
Corn-soybean meal diets containing 10, 13, 16 and 19% protein 
were supplemented factorially with L-leucine (0, .75, 1.5%). 
In addition, the 16 and 19% protein diets were supplemented 
with 2.25% L-leucine. 
Results and discussion 
Since two cells in this 4X4 factorial experiment were 
missing, it was necessary to use a least sguares analysis of 
variance. The cell means (protein X leucine) reported are 
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arithmetic means. The means for protein level and leucine 
level are least-squares means. 
Since the study was conducted simultaneously with Exper­
iment 809 and some of the treatments are involved in both ex­
periments, some repetition in the results is inevitable. 
There was a linear (P < .01) increase in egg production with 
the increase in protein level. 
A quadratic response (P < .10) on egg production due to 
the addition of leucine was noted in periods 1 and 2 (Table 
30). A similar response occurred on feed intake in period 1. 
To understand the effect of leucine additions at each 
protein level, the average overall means of each diet over 
the 4 periods were computed (Table 30). 
The addition of .75 and 1.50% L-leucine to the 10% pro­
tein diet drastically reduced egg production (52.2, 39.4, 
36.3%). The same effect was noted on feed consumption (75.7, 
66.4, 59.5 q.). 
The depression which occurred when .75 and 1.50% L-
leucine was added to the 13% protein diet was not quite so 
severe (eqq production: 79.6, 72.8, 69.3%; feed consumption: 
99.3, 87.5 and 85.3 q.). 
The 16% protein diet was affected very little, if at 
all, by the addition of .75, 1.5 or 2.25% L-leucine (egg pro­
duction: 78.9, 81.4, 71.1, 78.3%; feed consumption: 87.0, 
85.7, 85.6, 88.9 q.). 
Table 30. Arithmetic and least-squares means - Experinient SIQi 
% Hen-Day Egg Production 
% L-Leucine 
Grams of Feed Consumed Daily 
% L-Leucine 
Period Protein __o_ 
_i75 liSO 2.25 Bean __o_ 
_i25 1^50 2.25 Mean 
1 10 62.6 56.0 42.8 54.4 78.5 68.7 62.0 70.6 
13 82.1 76.8 75.0 78.6 92.2 80.1 83.6 86.2 
16 79.8 79. 8 78.0 86.9 81.1 79.3 79.5 80.4 93. 1 83.0 
19 88.7 84.5 85.7 83.3 85.6 91.2 85.5 89.0 82.0 86.9 
Mean 78.3 74.3 70.4 76.7 74.9 85.3 78.5 78.7 84.2 81.7 
10 56.6 41. 6 33. 3 51.3 70.9 64.7 55.7 68.5 
13 80.4 75. 0 68. 4 75.0 97. 1 88.2 86.3 90.6 
16 80.4 78. 3 73. 8 83. 4 80. 1 88.2 80.4 85.2 90. 1 87.0 
19 85.7 83. 9 70. 8 84. 2 84.4 89.8 87.4 85.8 86. 1 90.1 
Mean 76.8 70. 9 69. 1 73. 9 72.7 87. 1 81.2 83.7 84. 1 84.0 
10 47.9 29. 8 23. 8 37.4 72.7 63.3 53.3 67.4 
13 79.2 72. 0 66. 7 76.4 102.5 90.9 87.2 96.9 
16 79.2 84. 3 67. 9 78. 0 78.3 88.8 89.3 88.8 89. 6 89.1 
19 84.0 81. 5 80. 7 83. 6 82.4 92.5 90.4 98.4 92. 2 93.4 
Mean 71.5 68. 6 63. 4 71. 1 68.7 89.5 84.8 85.7 87. 2 86.8 
10 37.9 29. 8 28. 6 36.8 77.9 68.4 55.7 69.6 
13 76 .8 67. 3 67. 1 72.8 105.5 90.9 84.1 98.8 
16 76.2 78. 6 64. 9 64. 9 76.2 92.0 89.6 87.9 83. 0 90.3 
19 76.8 79. 2 76. 4 79. 3 78.6 95.5 95.5 93. 1 89. 6 95.8 
Mean 68.2 64. 1 63. 1 69. 0 66.1 91.3 86.4 89.1 87. 7 88.6 
Mean 10 52.2 39.4 36.3 45.0 75.7 66.4 59.5 69.0 
13 79 .6 72. 8 69.3 75.7 99.3 87.5 85.3 93.1 
16 78.9 81.4 71.1 78. 3 78.9 87.0 85.7 85.6 88.9 87.5 
19 83.8 82.8 81.8 82. 4 82.8 92.2 89.7 94. 1 87.7 91.6 
Mean 73.7 69.5 66.5 72. 7 70.6 88.3 82.7 84.3 85.8 85.3 
iThe means for the Protein X Leucine interaction are arithmetic means, all other 
means are least-squares means. 
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Table 31 Arithmetic and least-squares means - Exp. 8101 
Average Egg Weight (Gî.L 
% L-Leucine 
Period Protein ~_Ô_ iiir 1.50 2^25 Bean 
1 10 46.8 48.7 45.9 47.0 
13 52.1 52. 1 48.6 50.7 
16 51.3 51.4 52.5 52. 5 51.9 
19 53.2 54.8 54.1 51.7 53.4 
Mean 50.8 51.7 50.3 50. 2 50. 8 
2 10 nu.2  47. 4 48.8 46.4 
13 52.4 53.0 49.6 51.2 
16 54.8 53.2 53.8 53. 4 53. 8 
19 54.8 55.1 55.8 52. 7 54. 8 
Mean 51.6 52.4 52.0 50. 3 51.6 
3 10 46.8 49.8 47.7 47.7 
13 54.1 51.3 49-6 51.3 
16 55.6 53. 1 54.7 54. 2 54.4 
19 55.6 58.8 56.6 54. 2 56.3 
Mean 53.0 53.2 52.1 51.2 52.4 
U 10 46.2 50.4 49.7 48. 4 
13 56.0 56.8 51.9 54. 5 
16 54.7 55.4 57.2 54.7 55. 5 
19 56,7 57.4 58.4 55.6 57.0 
Mean 53.4 55.0 54.3 52. 8 53. 9 
Mean 10 46. 0 49. 1 48.0 47. 4 
13 53.6 53.3 47.3 51.9 
16 54. 1 53. 3 54.5 53.7 53.9 
19 55.1 56.8 56.2 56. 0 55. 4 
Mean 52.2 53. 1 52.2 51. 1 52. 2 
iSee footnote 1, Table 30. 
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The 19% protein diet was unaffected by the addition of 
L-leucine (egq production: 83.8, 82.8, 81.8, 82.4%; feed 
consumption: 92.2, 89.7, 94.1, 87.7 g.) . 
Experiment 829 
Objective 
Experiments 800, 809 and 810 had shown that diets con­
taining 10 to 13% protein could be imbalanced by the addition 
of .75% L-leucine, Since isoleucine had only been partially 
effective in overcoming this imbalance, it was decided to add 
both isoleucine and valine to attempt to overcome the imbal­
ance. L-isoleucine was used in this experiment, rather than 
DL-isoleucine, since the price, as established by competitive 
bidding practices at Iowa State University, favored its usage 
if DL-isoleucine was calculated as having one-half the poten­
cy of L-isoleucine. 
The basal diet had a leucine to isoleucine or leucine to 
valine ratio of approximately 2.15:1. By increasing the leu­
cine level by .75%, this ratio was changed to 3.48:1. The 
additions of L-isoleucine and DL-valine (50% activity) that 
were made attempted to return the ratio to its original value 
(2.15:1). 
The basal diet (Table 32) was deficient in sulfur con­
taining amino acids (.33% vs. reguired .53%) and slightly de-
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Table 32. Composition of basal diet - Exp. 829* 
T.M. salt aix 
Vit. mix 824 
Corn 
Soybean meal 
Limestone (ground) 
Defl. rock phosphate 
Oyster shell 
Solka-floc 
(%) 
80.45 
10.14 
1 . 0 1  
2 . 0 0  
5.00 
0.40 
0.50 
0.50 
^Calculated nutrient composition, Appendix Table 5. 
ficient in lysine (.45% vs. required .50%). No attempt was 
made to correct these deficiencies. 
Experimental design 
This trial was conducted simultaneously with Experiment 
824 (Methionine series). The Hy-Line layers were placed on 
experimental diets at 39 weeks of age (July 20, 1972). Data 
were collected for 3 consecutive 28-day periods. Seven indi­
vidually caged, individually fed hens were assigned to each 
of the 8 diets in the completely randomized design experi­
ment. The basal diet (Table 32) was imbalanced by the addi­
tion of .75% L-leucine. The additions of L-isoleucine and 
DL-valine which were made to attempt to alleviate this im­
balance are described in Table 33. 
Table 33. Dietary treatments'- Experiment 829 
Diet 
1 Control (12 % protein) 
2 " +.75% L-leucine 
3 " " +.175 % L-isoleucine 
4 »' •' +. 35 X L-isoleucine 
5 " " +.35 % DL-valine 
6 " " +.70 % DL-valine 
7 " " +.175 % L-isoleucine +.35 % DL-valine 
8 " " +.35 % L-isoleucine +.70 % DL-valine 
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&&Suits_aBd_aissussiga 
In all 3 periods (Table 34), egg production was lower on 
the leucine imbalanced diet (diet 2) than on the control diet 
(diet 1) . The means (diet 2 vs. diet 1) ware; period 1, 
76.0, 79.IX; period 2, 68.9, 78.6% (P < .10); period 3, 69.9, 
73.5%. Similarly, the daily feed consumption of diet 2 was 
reduced [period 1, 92.8, 98.1 g.; period 2, 84.2, 101.6 g. (P 
< .05); period 3, 100.2, 115.0 g. (P<.05) ]. No significant 
differences between the egg weights of hens fed the control 
diet and hens fed diet 2 were noted. The eggs from diet 2 
tended to be somewhat heavier, however (period 1, 0.8 g.; 
period 2, 1.1 q.; period 3, 1.2 g.). The final body weights 
(kg.) of hens fed diet 2 were less (P < .10) than those of 
hens fed the control diet (1.53, 1.76 kg.). 
In comparing the isolencine supplemented diets to the 
leucine imbalanced diet (diet 2), a significant depression in 
egg production (period 3, P < .10) is noted. Egg production 
was reduced greatly on the diet receiving the highest level 
of supplemental isoleucine (0% isoleucine, 69.9%; .175% iso-
leucine, 69.4%; .35% isoleucine 55.6%). This trend on egg 
production was also noted in period 2 and was noted in all 
periods for feed consumption. 
Few differences were noted between the leucine 
imbalanced diet (diet 2) and the valine supplemented diets 
Diet 
1 
2 
3 
U 
5 
6 
7 
8 
Mean 
Diet 
1 
2 
3 
a 
5 
6 
7 
8 
34. Arithmetic means - Experiment 829 
__%_Hen2Da%_Egg_Prgduction Grams of Feed Consumed Daily 
Per iod 
2 Mean 
Period 
Mean 
79. 1 78.6 73. 5 77.1 98.1 101.6 115.0 104.9 
76.0 68.9 69.9 71. 6 92.8 84.2 100.2 92.a 
76.0 6 6.8 69.4 70.7 102.7 95.1 108. 3 102.0 
78.0 6 2.2 55.6 65. 3 96.4 83.7 102.2 94.1 
79.6 71.9 69.9 73. 8 99.9 93.5 104.8 99.4 
69.4 74. U 68.4 70.7 94.6 95.2 104.2 98.0 
79. 1 72.9 71.4 74.5 102.3 100.6 116.6 106.5 
71.4 63.8 66.8 67. 3 96.0 98.1 116.6 103.6 
76.1 69. 9 68.1 71.4 97 .9 94.0 108.6 100.2 
CD 
M 
_Average_; Egg_Weight_iG. 
Final 
Period Body 
_ 2 _ _  _3__ Mean Wti.iKSiL 
54.3 55.3 57.8 55.8 1.76 
55.5 56.4 59.0 57.0 1.53 
58.0 57.4 60.4 58.6 1.77 
54.0 55.3 58.3 55.9 1.59 
56.4 56.6 57.9 57.0 1.61 
55.5 57.0 59.0 57.2 1.70 
57. 2 58.4 60.6 58.7 1.72 
56.2 57.6 58.9 57.6 1.63 
55.9 56.8 57.0 57.2 1.67 
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(diets 5 and 6) . 
Significant (P < .05) improvements foe feed consumption 
over leucine-imbalanced diet 2 were noted for both diets 7 
and 8. As vas similarly noted between diets 3 and 4, the in­
crease in the isoleucine level between diets 7 and 8 resulted 
in a depressed feed intake. 
The feed consumption of the hens fed leucine-
imbalalanced diet 2 was nearly restored to that of the con­
trol diet (diet 1) when isoleucine was added at .175% and 
valine at .35%. The means (diet 1 vs. diet 7) were: period 
1, 98. 1, 102.3 q. ; period 2, 101.6, 100.6 g.; period 3, 
115.0, 116.6 g. Similarly, the final body weight of hens fed 
diet 7 (1.72 kg.) approached that of hens fed the control 
diet (1.76 kg.). Egg production of hens fed diet 7 ap­
proached that of hens fed the control diet (diet 1) and ex­
ceeded that of hens fed the leucine-imbalanced diet (diet 2). 
The means (periods 1, 2 and 3) were: diet 1, 79.1, 78.6, 
73.5%; diet 2, 76.0 68.9, 69.9%; diet 7, 79.1, 72.9, 71.4%. 
The eggs from diet 7 were the heaviest of any of the ex­
perimental diets. No significant differences were noted in 
the planned comparisons made between egg weights. 
Plasma free amino acid concentrations, which were 
assayed by a Technicon Auto Analyzer according to procedures 
Table 35. Plasma free amino acid concentrations - Exp. 829i 
&mino_Acid Diet 
_I Diet _2 Diet_3 Diet_4 Diet 5 Diet_5 Diet 7 Diet 8 
Aspartic Acid 2. 21 1. 22 1 .87 2. 1 0 3. 53 4. 32 2. 63 1.17 
Threonine H. 05 5. 23 3.08 2. 59 5. 29 4. 89 4. 60 3.13 
Serine 9. 95 13. 18 12.21 10. 87 19. 17 14. 26 10. 12 9.54 
Asparaqine . 88 2. 34 .71 . 60 . 36 . 14 • 38 .67 
Glutamic acid 2. 11 2. 49 2.41 1. 72 2. 96 2. 36 2. 09 .94 
Glutamine 32. 78 39. 31 37.68 30. 10 44. 50 61. 08 19. 59 59.30 
Proline 3. 93 3. 90 3.19 2. 53 4. 94 4. 63 3. 23 2.85 
Citrulline 12. 21 13. 99 13.65 14. 78 19. 70 13. 12 12. 24 11.81 
Glycine a. 60 5. 07 3.24 3. 77 7. 54 6. 17 3. 98 3.15 
Cystine • 31 . 51 . 41 37 • 92 • 83 . 17 .17 
Valine 2. 94 3. 02 2.10 1. 99 6. 43 10. 63 6. 22 7.35 
Methionine # 82 . 62 .69 75 40 1. 44 , 85 .92 
Isoleucine 1. 27 . 81 .82 2. 10 1. 44 1. 45 , 74 1.05 
Leucine 4. 82 5. 58 3.94 4. 62 4. 62 7. 46 4. 60 4.45 
Tyrosine 3. 07 3. 19 2.70 2. 07 3. 02 2. 31 2. 84 2.07 
Phenylalanine 2. 21 2. 44 1.81 1. 83 2. 03 2. 28 2. 07 1.90 
Lysine U. 41 4. 67 1. 15 1. 82 3. 56 4. 16 1. 25 1.49 
Histidine 1. 96 2. 54 1.81 1. 94 2. 40 1. 50 2. 45 1.71 
Arqinine 8. 53 8. 48 5.74 5. 62 7. 53 8. 02 6. 54 5.80 
Leuc./Isol. 3. 79 6. 89 4.80 2. 20 3. 21 5. 14 6. 21 4.24 
Leuc./Val. 1. 64 1. 85 1. 88 2. 32 « 72 . 70 # 74 .61 
Leuc./Glutamine • 15 . 14 .10 . 15 • 10 . 12 • 23 .08 
Leuc./Meth. 5. 88 9. 0 5.71 6. 16 11. 55 5. 18 5. 41 4.83 
lEach fique constitutes one measurement. 
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outlined by Tattle*, are presented in Table 35. Addition of 
.75% L-leucine (diet 2) resulted in a slight elevation in the 
plasma free leucine over diet 1 (5.58 vs. 4.82 mg./lOO ml.). 
The plasma isoleucine level vas decreased slightly by the ad­
dition of dietary leucine (1.27 vs. .81 mg./lOO ml.) while 
the plasma valine level slightly increased. Addition of 
.175% L-isoleucine (diet 3) failed to increase the plasma 
isoleucine level, but the addition of .35% L-isoleucine (diet 
4) increased the plasma level to 2.10 mg./lOO ml. A similar 
trend was noted for these isoleucine levels in diets 7 and 8, 
although the higher level of isoleucine increased the plasma 
free isoleucine level only to 1.05 mg./lOO ml. The plasma 
free valine level was unaffected by the addition of isoleu­
cine to the diet. 
When dietary valine was increased, the level of plasma 
free isoleucine was unaffected. However, the level of plasma 
free valine increased from 3.02 to 6.43 mg./lOO ml, when .35% 
valine was added and to 10.63 mg./lOO ml. when .70% valine 
was added. The response was not nearly so great when the 
valine was added in the presence of added isoleucine (diet 7, 
6.22; diet 8, 7.35 mg./lOO ml.). 
The increased free isoleucine content of the plasma at 
iTuttle, W. 1., Standard Chemical Co., Omaha, Nebraska. 
Personal Communication, 1972. 
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the higher level of isoleacine supplementation may be a 
reflection of the trends noted in the depression of feed con­
sumption when isoleucine was added to the diets. The .35% 
level of L-isoleacine depressed feed intake whereas the .175% 
level did not have any influence on feed intake. 
The additions of isoleucine and valine had no consistent 
effect on the plasma levels of leucine. 
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GENERAL DISCUSSIOH 
First Lioiting Amino Acid Series 
This series of experiments has shown that additions of 
first limiting amino acids to low protein corn-soybean meal 
diets for light weight laying hens may not always be 
beneficial in terms of increasing production performance. It 
has been shown that consideration must be given to the pro­
tein and energy reguirements as well as the amino acid re-
guirements. 
When the first limiting amino acid methionine has been 
added to diets containing 12% protein and from .18 to .22% 
methionine, the daily feed consumption and the resultant 
daily protein consumption have been so low that either egg 
production or egg weight are depressed. The daily feed con­
sumption, which hovered near 90 grams per hen, permitted a 
daily protein intake of 10.8 grams. The daily methionine 
consumption was then in the range of 160 to 200 mg. Methio­
nine composed from 1.50 to 1.85% of the protein. The addi­
tion of .05% methionine to the 12% protein diets changed this 
range to 1.93 to 2.25% of the protein. The addition of .10% 
methionine to the 12% protein diet changed this range to 2.33 
to 2.66% of the protein. The daily methionine intake would 
then vary from 207 to 243 mg. when .05% methionine was added 
88 
and from 252 to 288 mq. when .10% methionine was added 
(assuming a constant daily feed intake of 90 g.). 
The basal 15% protein diets contained from .23 to .27% 
methionine (1.43 to 1.68% of the protein). Since the diets 
were isocaloric, daily feed consumption was again near 90 
grams. This permitted a daily protein intake of 14.4 g. and 
a daily methionine intake ranging from 207 to 243 mg. Addi­
tion of -05% methionine to the 16% protein diets would alter 
the range of the methionine composition of the protein to 
1.75 to 2.00%. Similarly, the range for the addition of .10% 
methionine would be 2.06 to 2.31%. The daily methionine 
intake would then vary from 252 to 288 mg. when .05% methio­
nine was added and 297 to 333 mg. when .10% methionine was 
added (assuming a daily feed intake of 90 g.). 
The addition of methionine to the 16% protein diet in­
creased egg production in Experiment 760, had no effect on 
any production criteria in Experiment 786, and increased egg 
weight in Experiment 811. 
Apparently, the addition of methionine to 16% protein 
diets was beneficial. The addition of methionine to 12% pro­
tein diets was of no benefit in increasing production re­
sponses and in some instances was harmful. 
In comparing the 12 and 16% protein diets, it is noted 
that the basal 12% protein diets have a larger share of the 
protein present as methionine than do the basal 16% protein 
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diets. The addition of .05% methionine to a 12% protein diet 
results in diets containing from 1.93 to 2.25% of the protein 
as methionine, whereas the addition of .05% methionine to a 
16% protein diet results in diets containing only 1.75 to 
2.00% of the protein as methionine. This explains the lack 
of a positive response to the addition of methionine to the 
12% protein diets and the response attained when methionine 
was added to the 16% protein diets, even though the hens re­
ceiving a methionine-supplemented 12% protein diet are re­
ceiving less methionine daily (mg./dayj than are those re­
ceiving a methionine-supplemented 16% protein diet. 
Additions of the amino acids lysine and tryptophan to 
12% protein diets gave varied responses in Experiments 760 
and 786. In the first experiment, the depressions of feed 
intake and egg production caused by the addition of methio­
nine were overcome by the addition of lysine and tryptophan. 
However, none of these differences were statistically signif­
icant. Scattered significant responses were noted for both 
the addition of lysine and tryptophan in Experiment 786. 
None of these responses permitted performance to equal the 
16% protein positive control diet. Perhaps the assumption 
that the arginine content of these diets was adequate result­
ed in an arginine deficiency which caused arginine to be the 
first limiting amino acid in these diets. 
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Even though the final experiment (Experiment 824) vas 
conducted with heavier strain hens, the depression associ­
ated with methionine additions to low protein diets was again 
noted. This occurred even though the energy content of the 
diet was lowered to permit a higher feed consumption. Since 
the density 3 diets in this trial were eliminated rather 
early in the experiment, the discussion here will be confined 
to the two lower density diets. 
If an attempt were to be made to establish the methio­
nine requirement on the basis of the responses attained in 
Experiment 82U in relation to the methionine content of the 
diets, it would be concluded that: 
1. The requirement cannot be expressed simply as a percent­
age of the diet. If it could, there should have been a re­
sponse to the addition of methionine to either of the two 
diet densities. 
2. As shown in Table 36, the concentration of the essential 
amino acids at the 2 different density levels is essentially 
the same if the amino acid concentrations are expressed as a 
percentaqe of the protein or on the basis of percent of amino 
acid/Thera of M.E./Kg. of diet. Therefore, these methods of 
establishing the methionine requirement do not explain the 
results obtained. 
3. The amino acid concentrations when expressed on the basis 
of percent amino acid/Therm of M.E. per Kg./percent protein 
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show considerable variation between the two different density 
diets (Table 36) . 
4. As shown in Table 37, the addition of either .05 or .10% 
of methionine to the two different density diets does not 
result in an appreciable change in the methionine concentra­
tion of the diet when expressed as a percentage of the pro­
tein or on the basis of percent of methionine per Therm of 
n.E, per Kg. of diet. When the methionine content is 
expressed as percent methionine/Therm of M.E. per Kg./percent 
protein, the increasing levels of methionine greatly alter 
the concentration of methionine between the two different 
diet densities. The addition of methionine results in a much 
greater change in the concentration of the amino acid in the 
density 1 diets than it does in the density 2 diets. The 
levels of added methionine raised this concentration term for 
the density 1 diet from .0056 to .0071 to .0085 which appar­
ently resulted in an amino acid-energy-protein imbalance when 
the N.R.C. (1971) requirement of .0065 was exceeded. In the 
density 2 diets, the addition of methionine resulted in 
methionine concentrations being increased from .0050 to .0060 
to .0071. This balance more nearly suited the requirements 
of the hen and accounted for the positive response attained 
when methionine was added to the density 2 diets. 
Table 36, Amino acid concentrations of Density 1 and Density 2 diets compared to the 
N.R.C. (1971) requirements - Experiment 824 
?_of_Diet _%_of_PÇotein_ _%/Therm M.E. %/Therm Prot. 
Amino Acid 1 2 NRC 1 2 NRC 1 2 NRC 1 2 NRC 
Arqinine .83 .96 . 80 6. 15 6. 1 9 5. 33 .319 . 320 . 281 .0236 .0206 .0187 
Cystine .16 .19 . 25 1 . 18 1 . 22 1. 67 .062 . 063 . 088 . 0046 .0041 .0058 
Glycine .6 1 .70 4. 52 4. 52 . 235 . 233 .0174 ,0150 
Histidine . 30 .35 2. 22 2. 26 .115 .117 .0085 .0075 
Tsoleucine . 6 6 .76 . 50 4. 89 4. 90 3. 33 . 254 . 253 . 175 .0188 .0163 .0117 
Leucine 1.25 1.42 1 . 20 9. 26 9. 16 8. 00 .481 . 473 . 421 .0356 .0305 .0281 
Lysine .59 .69 . 50 4. 37 4. 45 3. 33 . 227 . 2 30 . 175 .0168 .0148 .01 17 
Methionine .20 .23 . 28 1. 48 1. 48 1. 87 . 077 . 077 . 098 .0057 .0050 .0065 
Phenylalanine .67 .77 4. 96 4. 97 .258 . 257 .0191 .0166 
Threonine .53 .60 .40 3. 92 3. 87 2. 67 .204 . 200 . 140 .0 151 . 0 129 .0094 
Tryptophan . 16 .18 . 1 1 1. 18 1. 16 . 73 .061 . 060 .039 .0045 .0039 .0026 
Tyrosine .22 . 26 1. 63 1. 68 .085 . 087 .0063 .0056 
Valine .64 .74 4. 74 4. 77 .246 . 247 .0182 .0159 
Table 37. Effect of methionine additions on the methionine concentrations -
Experiment 82U 
Density 1 Diets Density 2 Diets 
% Added Methionine: 0 .05 . 10 0 .05 . 10 
% of Diet . 20 .25 . 30 .23 .28 .33 
% of Protein 1. 48 1.85 2. 22 1.48 1.81 2. 13 
%/Therm of M. E. per Kq. . 076 .096 • . 115 . 077 .093 .110 
%/Therm of M. E. per Kq./% Protein . 0055 .0071 . 0085 .0050 .0060 .0071 
9% 
Leucine labalanced Series 
The studies conducted with light weight Welp hens (Ex­
periments 800, 809 and 810) have shown that diets containing 
from 10 to 12% protein can be imbalanced quite readily by the 
addition of .75% L-leucine. The iisbalance results in de­
pressed feed consumption and depressed egg production. The 
depression caused by the addition of .75% L-leucine to 13% 
protein diets was less severe than was the depression experi­
enced by the 10% protein diet. The performance of hens fed 
16% protein diets was only slightly depressed by the addition 
of up to 2.25% L-leucine while the hens fed the 19% protein 
diet were virtually unaffected by the leucine addition. 
Only low protein diets would appear to be affected by a 
leucine imbalance which could theoretically occur through the 
excessive use of proteins rich in leucine. Even in low pro­
tein diets, the chances of this occurring are rather remote. 
The 10% protein diet used in Experiment 810 contained 
1.04% leucine (10.4% of the protein). Mhen .75% L-leucine 
was added to this diet, leucine composed 17.9% of the protein 
and the diet was imbalanced. Perhaps through the use of such 
leucine-rich ingredients as corn (12.5% of the protein), corn 
gluten meal (17.7% of the protein) and blood meal (13% of the 
protein), such a level of leucine might be approached. The 
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possibility of this occurring is rather remote. 
The experiments dealing with dilution of the protein to 
alter the amino acid balance did show that ths performance of 
hens fed a 10* protein diet could be improved by altering its 
amino acid composition to that of a 13% protein diet. This 
response could not be correlated to the change in the leucine 
contents of the diets. 
The addition of .10 to .20% DL-isoleucina did not 
counteract the imbalance caused by the addition of excess L-
leucine. This is in contrast to the work of Bray (1970) aid 
the first experiment of D'Mello and Lewis (1970) who reported 
correction of the amino acid imbalance caused by leucine when 
isoleucine was added at similar levels. It should be noted 
that Bray had supplemented the basal diet with valine. Since 
these diets were not supplemented with valine, this may be 
the reason for the failure of isoleucine to give a response. 
The final experiment (Experiment 829) showed that feed 
intake and egg production of hens fed a leucine imbalanced 
diet could be restored to the levels achieved by a control 
diet which was not imbalanced if valine and isoleucine were 
added simultaneously to the diet. Apparently the addition of 
.35% L-isoleucine was somewhat more than the amount necessary 
to restore balance to the diet since performance was 
curtailed when compared to the diets containing .175% added 
isoleucine. Furthermore, plasma levels of free isoleucine 
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increased from .82 to 2.10 mq./lOO ml. when dietary L-
isoleucine was increased from ,175% to .35%, but was essen­
tially unchanged when the L-isoleucine level was increased 
frc* 0 to .175% with the leucine inbalanced diet* 
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SUHHàRT àND COHCLOSIONS 
1. Addition of methionine to 16% protein corn—soybean meal 
diets for light weight Leghorn laying hens consuming 90 grams 
of feed daily results in positive responses in increased egg 
production and/or egg weight. 
2. Additions of methionine to 12% protein corn-soybean meal 
diets for light weight Leghorn laying hens consuming 90 grams 
of feed daily results in a depression of feed consumption 
which in turn causes a reduction in egg production, egg 
weight or body weight. 
3. Substitution of amino acids for protein on the basis of 
dietary percentages must be approached with an exceeding 
amount of caution. Parameters such as percentage of the pro­
tein, protein content of the diet, daily feed consumption, 
daily protein consumption and daily amino acid consumption 
must all be taken into consideration. Imbalances of amino 
acids will result if these factors are not considered. 
4. Expression of amino acid requirements as percentages of 
the diet is not the most accurate method of predicting amino 
acid deficiencies and is not a sound basis upon which to 
decide the need for amino acid supplementation. 
5. A method of expressing amino acid requirements on the 
basis of percent amino acid/Therm of M.E. per Kg. of 
diet/percent protein is a more acceptable way of expressing 
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amino acid requirements in that it accounts for the relation­
ships of amino acids to both dietary protein and energy. The 
limits over which these calculations satisfactorily apply are 
unknown and await future research. 
6. The concept of "replacing" soybean meal with methionine 
in poultry diets is very questionable when protein intake is 
marginal and should be approached with a great amount of 
caution. 
7. The responses to the additions of lysine and tryptophan 
were highly irregular and no recommendations can be made con­
cerning the supplementation of these amino acids under the 
conditions tested. 
8. The addition of .75% L-leucine to corn-soybean meal diets 
containing from 10 to 12% protein resulted in an amino acid 
imbalance which was characterized by a depression in feed 
consumption and egg production. Egg size was unaffected. 
9. In corn-soybean meal diets containing 16 and 19% protein, 
the addition of as much as 2.25% L-leucine failed to create 
an imbalance. 
10. The addition of up to .20% DL-isoleucine failed to 
correct the leucine imbalance when the valine content of the 
diet was not increased. 
11. When .175% L-isoleucine and .35% DL-valine were added to 
a leucine imbalanced diet containing .75% added L-leucine, 
feed consumption and egg production were equivalent to the 
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level attained by a control non-imbalanced diet. 
12. The possibility of a leucine imbalance impairing per­
formance of iota protein corn-soybean meal diets is very 
remote. 
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APPENDIX 
TABLE 1. CALCULATED NUTRIENT COMPOSITIONS OF EXPERIMENTAL DIE^SI 
EXPERIMEN T 760 EXPERIMENT _786_ 
DIET] 
.12 DIET" 14 DIET] J6 DIET_ 12 DIET] 'Ï6 
MET. ENERGY (KCAL/KG) 3075. ,U8 3071, 02 3061. ,58 3041 . 30 3022. ,98 
DRY MATTER (%) 87, .36 87. 62 87. ,86 87. 39 87. 98 
CRUDE PROTEIN {%) 12. ,00 14. 00 16. 00 12. 00 16. 00 
CRUDE FIBER {%) 2. U6 2. 64 2. ,83 2. 41 2. 83 
ASH (%) 8, .87 9. 09 9. , 32 9. 40 10, .29 
ETHER EXTRACT (%) 3. , 50 4. 12 4. 65 3. 48 4, .59 
N FREE EXTRACT (%) 60. 85 58. 30 55. ,82 60. 63 54. 91 
CALCIUM (%) 2. 65 2. 66 2. , 68 2. 74 2. 90 
CHLORINE (%) 0. ,20 0. 20 0. 20 0. 19 0. 20 
IRON (%) 0. 00 0. 00 0. ,00 0. 00 0. 00 
MAGNESIUM {%) 0. IA 0. 14 0. , 15 0. 14 0. 15 
PHOSPHOROUS (%) 0, , 50 0. 51 0. ,53 0. 65 0. ,71 
POTASSIUM {%) 0. ,41 0. 49 0. ,57 0. 41 0. 58 
SODIUM {%) 0. 14 0. 09 0. , 17 0. 13 0. 18 
SULFUR (%) 0. , 10 0. 16 0. ,09 0. 10 0. 08 
COPPER (MG/KG) S. 79 7. 41 9. ,03 5. 65 9. 16 
IODINE (MG/KG) 0. ,72 0. 72 0, 72 0. 68 0. 72 
MANGANESE (MG/KG) 58. , 18 59. 32 60. 46 55. 57 60. ,54 
ZINC (MG/KG) 21 . 45 22. 20 22. ,95 20. 82 22. ,93 
BIOTIN (MG/KG) 0. ,08 0. 09 0, , 10 0. 08 0. 10 
CHOLINE (MG/KG) 1024, 50 1130. 50 1237, .04 996. 17 1242, .70 
TABLE 1 CONTINUED 
EX PERIM EN T 760 EXPERT MENT_7 86 
DIET] 
'.1Z~ DIET_ 14 DIET] ]16 DIET_ 12 DIFT] ]Ï6 
FOLIC ACID (MG/KG) 0, .30 0. 33 0. . 35 0. 30 0. ,35 
NIACIN (MG/KG) 38, .70 38. 72 38. ,75 37. 73 38, .54 
PANT. ACID (MG/KG) 10. . 18 10. 61 11, .05 9. 88 11. 05 
VIT, A (LU OR USP/KG) 6816, .63 6816. 39 6816. , 16 6492. 18 6816. 09 
PYPIDOXINE (MG/KG) 6, .5A 6. 53 6. 51 6. 51 6, .45 
RIBOFLAVIN (MG/KG) 6. . 36 6. U6 6. 56 6. 10 6. 56 
THIAMINE (MG/KG) 3. 6 6 3. 76 3. ,86 3. 64 3, .83 
VITAMIN B12 (HCG/KG) 6. 56 6. 56 6. 56 6. 25 6. 56 
VITAMIN E (MG/KG) 21. 79 20. 66 19, .56 21. 59 19. 24 
VITAMIN K (MG/KG) 0, .17 0. 17 0. , 17 0. 16 0. 17 
VITAMIN D (ICU/KG) 1021. 50 1021. 50 1021 , .50 972. 85 1021. ,50 
ARGININE (%) 0, .67 0. 80 0. ,94 0. 66 0. 94 
CYSTINE (%) 0, .15 0. 18 0. , 21 0. 15 0. 21 
GLYCINE {%) 0. ,61 0. 69 0. ,77 0. 59 0. ,77 
HISTIDINE (%) 0. ,25 0. 30 0. , 34 0. 25 0, ,34 
ISOLEUCINE (%) 0, .54 0. 64 0. ,74 0. 53 0, ,75 
LEUCINE (%) 1. ,23 1. 33 1. 44 1 . 21 1. ,44 
LYSINE (%) 0. ,51 0. 65 0, .78 0. 50 0. ,79 
METHIONINE (%) 0. 22 0. 25 0. , 27 0. 22 0. 27 
PHENYLALANINE (%) 0. ,59 0. 67 0. ,76 0. 58 0. ,76 
THREONINE (%) 0, ,U9 0. 55 0. ,61 0. 48 0. 62 
TRYPTOPHAN (%) 0. IA 0. 16 0. , 19 0. 13 0, .19 
TYROSINE {%) 0. ,12 0. 19 0. . 26 0. 12 0. 27 
VALINE {%) 0. ,54 0. 64 0. 73 0. 53 0. 74 
^COMPOSITIONS HERE COMPUTER CALCULATED TO TWO DECIMAL PLACES USING N.R.C. (1971) 
INGREDIENT ANALYSES TABLES. 
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TABLE 2. CÂLCOLATED NOTSIENT COMPOSITIONS 3F EXPERIMENTAL DIETS 
MET. ENERGY (KC&L/KG) 
CRODE PROTEIN (X) 
CRUDE FIBER (*) 
ASH (*) 
ETHER EXTRACT (56) 
N FREE EXTRACT (%) 
CALCIUM (%) 
CHLORINE (%) 
IRON (%) 
MAGNESIUM (%) 
PHOSPHOROUS {%) 
POTASSIUM (%) 
SODIUM (%) 
SULFUR (%) 
COPPER (MG/KG) 
IODINE (MG/KG) 
MANGANESE (MG/KG) 
ZINC (MG/KG) 
BIOTIN (MG/KG) 
CHOLINE (MG/KG) 
FOLIC ACID (MG/KG) 
NIACIN (MG/KG) 
PANT. ACID (MG/KG) 
VIT. A (LU OR USP/KG) 
PYRIDOXINS (MG/KG) 
RIBOFLAVIN (KG/KG) 
THIAMINE (MG/KG) 
VITAMIN B12 (MCG/KG) 
VITAMIN E (MG/KG) 
VITAMIN K (MG/KG) 
VITAMIN D (ICU/KG) 
ARGININE (X) 
CYSTINE I%) 
GLYCINE (%) 
HISTIDINE (%) 
ISOLEUCINE (%} 
LEUCINE (%) 
LYSINE (%) 
METHIONINE (%) 
PHENYLALANINE (%) 
THREONINE (%) 
TRYPTOPHAN (55) 
TYROSINE (5T) 
VALINE (X) 
E-EXPERI- EXPERIMENT 800 
MENTAL REGULAR DILUTE 
3028.92 3021722 30Ï7.4Ï 
15.29 11.93 11.92 
2.83 2.25 1 .99 
10.29 10.09 10.33 
4.59 3. 18 2. 10 
54.91 60.09 63.65 
2.90 2.95 3.05 
0.20 0.20 0.20 
0.00 0.00 0.00 
0. 15 0. 14 0.11 
0.71 0.64 0.60 
0.58 0.46 0.47 
0.18 0.16 0. 17 
0.08 0.09 0.06 
13.16 10.37 11.36 
1.72 1.67 1.67 
124.54 70.06 70. 35 
72.93 61.09 59.48 
0.10 0.08 0.08 
1365. 18 1147.92 1139.03 
0. 35 0. 23 0.21 
43.34 40.97 35.63 
13.15 12.08 11.39 
6606.09 6603.30 6602.08 
6.45 6.61 4.91 
5.89 5.34 5.19 
3.83 3.89 3.06 
6.56 .01 .01 
20.89 19.71 13.33 
2.37 2.20 2.20 
2200.00 2200.00 2200.00 
0.94 0.72 0.75 
0.21 0.14 0.15 
0.77 0. 55 0.54 
0. 34 0. 27 0.27 
0.75 0.57 0.59 
1.44 1.22 1 .08 
0.79 0.50 0.55 
0.27 0. 24 0.25 
0.76 0. 62 0.59 
0.62 0.49 0.46 
0.19 0. 14 0.14 
0.27 0. 14 0.21 
0.74 0.56 0.57 
TABLE 3. CALCULATED NUTRIENT COMPOSITIONS DF EXPERIMENTAL DIETS 
PROTEIN (X); 10 10 13 13 16 16 19 
TYPE; REGULAR DILUTE REGULAR DILUTE REGULAR DILUTE REGULAR 
MET. ENERGY (KCAL/KG) 3015.16 3015.15 3014.67 3014.62 3013.71 3014.07 3012.84 
DRY MATTER (%) 87.38 89.29 87.49 89.24 87.91 89.39 88.33 
CRUDE PROTEIN (%) 10.08 10.08 13. 08 1 3.08 16.08 16.08 19.08 
CRUDE FIBER (X) 1.93 1.75 2. 27 2.10 2.58 2.44 2.89 
ASH {%) 10. 10 10.11 10.41 10.42 10.74 10.74 11.06 
ETHER EXTRACT (X) 3. 30 2.4 1 3. 34 2.55 4.36 3.70 5.38 
N FREE EXTRACT (%) 61.45 64.26 59.44 61.95 55. 23 57.35 51.02 
CALCIUM (%) 2.99 3.00 2.99 3.00 3.00 2.99 3.00 
CHLORINE (X) 0.32 0.32 0. 32 0.32 0.32 0.32 0.32 
IRON {%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MAGNESIUM (X) 0.13 0.1 1 0. 14 0.12 0.15 0.13 0.16 
PHOSPHOROUS (%) 0.61 0.57 0. 64 0.61 0.67 0.65 0.70 
POTASSIUM (X) 0.34 0.36 0. 47 0.49 0.60 0.62 0.73 
SODIUM (X) 0.21 0.23 0. 24 0.25 0.27 0.28 0.30 
SULFUR (X) 0.10 0.07 0.09 0.06 0. 08 0.06 0.07 
COPPER (MG/KG) 8.03 9.07 10. 59 11.55 13.29 14.10 15.99 
IODINE (MG/KG) 2.12 2.12 2. 12 2.12 2.12 2.12 2.12 
MANGANESE (MG/KG) 70.10 70.46 71.77 72.11 73.51 73.78 75.26 
ZINC (MG/KG) 59.75 58.58 61. 16 60.09 62.41 61.51 63.68 
BIOTIN (MG/KG) 0.06 0.06 0.08 0.08 0. 10 0.10 0.12 
CHOLINE (MG/KG) 984.95 994.73 1161.01 1169.91 1338.45 1345.88 1515.64 
TABLE 3 CONTINUED 
PROTEIN (%) : 10 10 13 
TYPE: REGULAR -DILUTE REGUL AR 
FOLIC ACID (MG/KG) 0. 19 0. 18 0. 23 
NIACIN (MG/KG) 40. 25 35. 99 40. 88 
PANT. ACID (MG/KG) 11. 33 10. 85 12. 13 
VIT. A (LU OR DSP/KG) 6604. 13 6603. 16 6603. 25 
PYRIDOXINS (MG/KG) 6. 41 5. 05 6. 58 
RIBOFLAVIN (MG/KG) 5. 17 5. 07 5. 35 
THIAMINE (MG/KG) 3. 63 2. 98 3. 88 
VITAMIN 812 (MCG/KG) 0. 01 0. 01 0. 01 
VITAMIN E (MG/KG) 20. 59 15. 32 19. 46 
VITAMIN K (MG/KG) 2, 20 2. 20 2. 20 
VITAMIN D (ICU/KG) 2200. 22 2200. 22 2200. 00 
ARGININE (%) 0. 52 0. 57 0. 74 
CYSTINE (%) 0. 09 0. 1 1 0. 14 
GLYCINE {%) 0. 43 0. 43 0. 56 
HISTIDINE {%) 0. 20 0. 21 0. 27 
ISOLEUCINE (%) 0. 42 0. 45 0. 58 
LEUCINE (%) 1. 04 0. 95 1. 23 
LYSINE (%) 0. 26 0. 36 0. 47 
METHIONINE {%) 0. 16 0. 15 0. 19 
PHENYLALANINE (%) 0. 49 0. 48 0. 63 
THREONINE (X) 0. 39 0. 38 0. 50 
TRYPTOPHAN (%) 0. 10 0. 1 1 0. 14 
TYROSINE (%) 0. 04 0. 1 1 0. 15 
VALINE (%) 0. 41 0. 44 0. 57 
13 
-DILUTE 
0 . 2 2  
36.96 
1 1 . 6 8  
6602.98 
5. 33 
5.26 
3.29 
0 . 0 1  
1 4.61 
2,20 
2 2 0 0 . 2 2  
0.78 
0.15 
0.57 
0 . 2 8  
0 . 6 1  
1.15 
0.56 
0.19 
0 . 6 2  
0.49 
0.15 
0 . 2 1  
0.59 
16 
REGULAR 
0. 27 
40.91 
1 2 . 8 6  
6 6 0 2 .  8 6  
6.55 
5.52 
4.05 
0 . 0 1  
17.60 
2 .  20  
2 2 0 0 . 0 0  
0.96 
0. 19 
0.70 
0. 35 
0.75 
1.41 
0.69 
0.23 
0.76 
0.60 
0 . 1 8  
0 . 2 6  
0.73 
1 6  
-DILUTE 
0 . 2 6  
37.61 
12.48 
6602.08 
5.50 
5.44 
3.55 
0 . 0 1  
13.51 
2 . 2 0  
2200.00 
0.99 
0 . 2 0  
0.70 
0.35 
0.78 
1.34 
0.77 
0 . 2 2  
0.76 
0.59 
0 . 1 8  
0.32 
0.75 
19 
REGULAR 
0.31 
40.95 
13.59 
6603.78 
6.53 
5.69 
4.22 
. 0 1  
15.73 
2 . 2 0  
2200.44 
1.17 
0.23 
0.83 
0.42 
0.92 
1.59 
0.91 
0.26 
0.90 
0.70 
0.22 
0.38 
0.89 
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TABLE A. CALCULATED NUTRIENT COMPOSITIONS DF EXPERIMENTAL DIETS 
12_X_PROTSIN 16_*_PROTEIN 
MET. ENERGY (KCAL/KG) 3014. 89 3013. 71 
CRUDE PROTEIN (%) 12. 08 16. 08 
CRUDE FIBER (X) 2. 16 2. 58 
ASH (*) 10. 31 10. 74 
ETHER EXTRACT {%) 3. 21 4. 36 
N FREE EXTRACT (%) 60. 37 55. 23 
CALCIUM (%) 2. 99 3. 00 
CHLORINE (%) 0. 32 0. 32 
IRON (%) 0. 00 0. 00 
MAGNESIUM (56) 0. 14 0. . 15 
PHOSPHOROUS (%) 0. 63 0. 67 
POTASSIUM (%) 0. 43 0. 60 
SODIUM (X) 0. 23 0. 27 
SULFUR (%) 0, .09 0. 08 
COPPER (MG/KG) 9. 72 13. 29 
IODINE (MG/KG) 2. 12 2 .  12 
MANGANESE (MG/KG) 71 . .21 73. 51 
ZINC (MG/KG) 60. 71 62. 41 
BIOTIN (MG/KG) 0. 07 0. 10 
CHOLINE (MG/KG) 1102. 19 1338. 45 
FOLIC ACID (MG/KG) 0, . 22 0. 27 
NIACIN (MG/KG) 10. 74 40, .91 
PANT. ACID (MG/KG) 11 . .87 12. 86 
VIT. A (USP OR LU/KG) 6604. 02 6502, .86 
PYRIDOXINE (MG/KG) 6, .55 6. 55 
RIBOFLAVIN (MG/KG) 5< .29 5. , 52 
THIAMINE (MG/KG) 3. 81 4, .05 
VITAMIN B12 (MCG/KG) 0. 01 0. ,01 
VITAMIN E (MG/KG) 19, .92 17. , 60 
VITAMIN K (MG/KG) 2. 20 2. . 20 
VITAMIN D (ICU/KG) 2200. 22 2200. ,00 
ARGININE (%) 0. > 66 0, .96 
CYSTINE (%) 0, . 12 0. 19 
GLYCINE (55) 0. 52 0. 70 
HISTIDINE (%) 0. . 25 0, .35 
ISOLEUCINE (55) 0. ,53 0. ,75 
LEUCINE (55) 1 . .17 1, ,41 
LYSINE (%) 0. ,39 0. 69 
METHIONINE (%) 0, , 18 0, 23 
PHENYLALANINE (%) 0, , 58 0. ,76 
T H R E O N I N E  ( % )  0. ,46 0. ,60 
TRYPTOPHAN (%) 0. , 13 0. , 18 
TYROSINE (56) 0. 11 0. 26 
VALINE (%) 0, 52 0. 73 
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TABLE 5. CALCULATED NUTRIENT COMPOSITIONS 3F EXPERIMENTAL DIETS 
EXPERIMENT 824 EXP. 829 
MET. ENERGY (KCAL/KG) 26 27, 12 3017 .30 3399. 03 3014, ,51 
CRUDE PROTEIN (%) 13. 41 15 .36 17. 23 11. 97 
CRUDE FIBER (*) 12. 49 2 .60 2. 70 2. ,65 
ASH (%) 10. 06 10 .21 10. 45 9, .90 
ETHER EXTRACT {%) 2. 62 4 .17 12. 48 3. , 17 
N FREE EXTRACT {%) 50. 67 55 .80 46. 73 59. 92 
CALCIUM (X) 3. 01 2 .98 3. 00 3. 00 
CHLORINE (X) 0. 29 0 .29 0. 29 0. ,30 
IRON (X) 0. 02 0 .02 0. 02 0. ,02 
MAGNESIUM (X) 0. 14 0 . 15 0. 15 0. . 14 
PHOSPHOROUS (X) 0, ,64 0 .67 0. 68 0. ,64 
POTASSIUM (X) 0. 53 0 .61 0. 69 0. 46 
SODIUM (%) 0. 31 0 .32 0. 35 0. . 30 
SULFUR (X) 0. ,07 0 .08 0. , 06 0. 09 
COPPER (MG/KG) 10. 24 11 .53 13. , 54 10. 81 
IODINE (MG/KG) 1, 20 1 .20 1. , 20 1. 30 
MANGANESE (MG/KG) 97. ,83 98 .63 100. , 00 85. 87 
ZINC (MG/KG) 30. ,07 31 .51 31. ,76 49. . 10 
BIOTIN (MG/KG) 0. ,09 0 . 10 0. 11 0. 08 
CHOLINE (MG/KG) 1 138. , 31 1252 .82 1360. 27 1059, .40 
FOLIC ACID (MG/KG) 0. , 24 0 .27 0. , 29 0. 23 
NIACIN (MG/KG) 35. ,63 37 .80 36. , 05 37. 64 
PANT. ACID (MG/KG) 10. 51 11 .25 11. , 48 10. 44 
VIT. A (lU OR USP/KG) 7492. ,64 7492 .89 7499, ,74 7493. 29 
PYRIDOXINS (MG/KG) 5, 94 6 .61 6. , 03 6, .60 
THIAMINE (MG/KG) 3. ,65 6 .68 6, 75 6. ,50 
RIBOFLAVIN (MG/KG) 6. ,52 4 .08 3, . 91 3. 88 
VITAMIN B12 (MCG/KG) 0. ,01 0 .01 0, 01 0. 01 
VITAMIN E (MG/KG) 15. ,81 17 .22 13. 93 19. .10 
VITAMIN K (MG/KG) 4, ,99 4 .99 5. , 00 4, .99 
VITAMIN D (ICU/KG) 1123. ,49 1123 .49 1124. , 62 1123. 49 
ARGININE (X) 0, 83 0 .96 1. , 11 0, .72 
CYSTINE (X) 0. , 16 0 . 19 0. , 22 0, . 14 
GLYCINE (X) 0. 61 0 .70 0. ,78 0. 55 
HISTIDINE (X) 0. , 30 0 .35 0. 39 0. 27 
ISOLEUCINE (X) 0. .66 0 .76 0. ,87 0. . 57 
LEUCINE (X) 1. ,25 1 .42 1. , 49 1. 23 
LYSINE (X) 0. , 59 0 .69 0. . 86 0, .45 
METHIONINE (X) 0. ,20 0 .23 0. ,25 0. . 19 
PHENYLALANINE (X) 0. , 67 0 .77 0. .84 0. 62 
THREONINE (X) 0. 53 0 .60 0. , 66 0. 49 
TRYPTOPHAN (X) 0. 16 0 .18 0. , 21 0. . 14 
TYROSINE (X) 0. , 22 0 . 26 0. . 36 0.  14 
VALINE (X) 0. 64 0 .74 0. , 84 0. 56 
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TABLE 6. COMPOSITION OF VITAMIN PSEHIXES 
VITAMIN PRE-MIX 
VIT. MIX 1 760 6 786 82U, 
MET. ENERGY (KCAL/KG) 1800, .00 1799. , 99 1799. 99 
CRUDE PROTEIN {%) 17. , 00 17, 00 17. 00 
CRDDE FIBER (*) 8. 00 8, 00 8. ,00 
ASH (%) 4. ,40 4. ,40 4. ,40 
ETHER EXTRACT (%) 4. 60 4, 60 4, .60 
N FREE EXTRACT (%) 55, .00 55. ,00 55. ,00 
IRON (%) 0, .25 0. ,00 0, .00 
COPPER (MG/KG) 800, .00 0. ,00 0. 00 
IODINE (MG/KG) 200, .00 0, 00 0, ,00 
MANGANESE (MG/KG) 12799, .99 0. ,00 0. 00 
ZINC (MG/KG) 9999, .99 0. ,00 0. 00 
CHOLINE (MG/KG) 87999, .93 63503. ,99 69849, .93 
NIACIN (MG/KG) 3960. 00 3000. ,00 3300. ,00 
PANT. ACID (MG/KG) 1320. 00 900. , 00 990. 00 
VIT. A (lU OR OSP/KG) 1320000. 00 1361999. ,00 1497999. 00 
RIBOFLAVIN (MG/KG) 825. 00 960. ,00 1056. 00 
VITAMIN B12 (MCG/KG) 1. 32 1. , 20 1. 32 
VITAMIN E (MG/KG) 330. 00 0. ,00 220. 00 
VITAMIN K (MG/KG) 440. ,00 0. ,00 999, .00 
VITAMIN D (ICU/KG) 439999. 90 204299. ,90 224699, , 80 
TABLE 7. COMPOSITION OF SALT PREMIXES 
EXPERIMENTS 
7 60 Fr 786 
ALL OTHER 
EXPERIMENTS 
ASH {%) 
CHLORINE (*) 
IRON (%) 
SODIUM (%) 
COPPER (MG/KG) 
IODINE (MG/KG) 
MANGANESE (MG/KG) 
ZINC (MG/KG) 
99.00 
54.50 
0 . 2 8  
35.50 
UUO.OO 
240.00 
17599.99 
3800.00 
99.00 
54.50 
0.56 
35.50 
8 8 0 . 0 0  
2 6 0 . 0 0  
15399.99 
7599.99 
Table 8. Analyses of variance, X.hen-day egg production - Exp. 760, Trial 1 
Period 1 Period 2 Period 3 Period 4 
Source d.f. M.S. F M.S. F M.S. F M.S. F 
Rep 6 83.5 1. 38 18.5 .50 38.5 .86 19.1 . 50 
Protein 2 116. 0 1. 91 130.2 3. 54*^ 147.2 3.29 + 130.1 3. 40+^ 
(Linear) (1) 231. 4 3. 81 + 258.0 1 . 0 2 * *  281.6 6.30^^ 250.8 6. 56^* 
(Quadratic) (1) . 5 . 01 2. 3 . 06 12. 8 .29 9.3 . 24 
Methionine 1 3.8 , 06 41.2 1. 12 3.5 .08 .6 . 02 
P X M 2 13.8 23 20.5 .56 97.3 2.18 253.0 6. 62+** 
Error 30 60.7 36.7 44.7 33.2 
•Probability 0.10 or less here and throughout. 
••Probability 0.05 or less here and throughout. 
•••Probability 0.01 or less here and throughout. 
Table 9. Analyses of variance, daily feed consumption - Exp. 760, Trial 1 
Period 1 Period 2 Period 3 Period 4 
Source d.f. M.S. F M.S. F M.S. F M.S. F 
Rep 6 15. 3 .29 10. ,8 .34 61. 0 1.10 36. ,9 .50 
Protein 2 90. ,2 1. 72 53. ,5 1 , .70 20. 2 . 37 6. , 3 .08 
(Linear) (1) 175. ,5 3. . 34+ 67. 6 2 . 16 15. ,8 .28 10. 8 .14 
(Quadrat ic) (1) 5. 0 .09 39. 4 1 .26 24. ,8 .45 1. 8 .02 
Methionine 1 133. , 2 2. , 54 36. ,2 1, .16 133. 2 2.41 3. ,6 .05 
P X M 2 28. ,0 . 53 11. 2 .36 43. 4 .78 26. ,2 .35 
Error 30 52. 5 31. 4 55. ,2 74. 5 
Table 10. Analyses of variance, average egg weight - Experiment 760, Trial 1 
Source d. f. 
period 1 
M.S. F 
Period 2 
M.S. F 
Period 3 
M.S. F 
Period 4 
M.S. F 
Rep 6 1.9 1.01 .7 .60 2.6 2.08 1.1 .45 
Protein 2 4.7 2.54* 1.3 1.05 4.5 3.53** 2.7 1 .13 
(Linear) (1) 8.0 4.36** 2.3 1.87 4.7 3.72* 5.5 2.25 
(Quadratic) (1) 1.3 .73 . 3 . 23 4.2 3. 34* .0 .00 
methionine 1 . 2 . 12 5. 1 4. 10* 1. 1 .89 . 1 .04 
P X M 2 .9 .52 .4 .29 1.0 .76 3.4 1.40 
Error 30 1.8 1.2 1.3 2.4 
Table 11. Analysis of variance, final body weight - Experiment 760, Trial 1 
Source d. f. M.S. F 
Protein 2 
Methionine 1 
P X M 2 
Rep 6 
Error 30 
.1509 4.1%** 
.7235 19.88*** 
.0775 2. 13 
.0319 .88 
.0364 
Table 12. Analyses of variance, % hen-day egg production - Experiment 760, Trial 2 
Period_ 1 Period 2 Period 3 Period 4 Period 5 
Source d.f. H7S7 F~ M7S7 ~F~ M. S. F M.S. F M.S. F 
Rep 6 60. 2 73 44.2 .94 54.2 .83 60.7 . 89 39.7 .40 
Diet 3 47.4 58 25.6 .54 28.5 .43 71.3 1.04 38.9 .39 
1 vs. 2 (1) 10.0 12 20.6 .44 44.6 .68 108.6 1. 59 45.9 .46 
1,2 vs. 3 (1) 28. 1 34 4.9 . 10 17.2 .26 34.9 .51 1.4 .01 
1,2,3 vs.4 (1) 104.3 1. 27 51.3 1 .09 23.5 .36 70.6 1.03 69.6 .70 
Error 18 82.2 47.2 65.4 68.4 98.8 
Table 13. Analyses of variance, daily feed consumption - Experiment 760, Trial 2 
Period 1 Period 2 Period 3 Period 4 Period 5 
Source d.f. M.S. F M.S. F M.S. F M.S. F M.S. F 
Rep 6 
Diet 3 
1 vs. 2 
1,2 vs. 3 
1,2,3 vs.U 
Error 18 
29.0 .67 12.0 .34 17.8 . 60 54.9 .63 54.6 .94 
61.3 1.42 14. 3 .40 46.4 1.55 45.2 .52 5.4 .09 
(1) 161.8 3.74* 10. 1 . 28 53.2 1.78 40.5 .46 10.1 .17 
(1) 11.1 .26 30.3 .86 50.8 1.70 1. 7 .02 5.1 .09 
(1) 10. 8 .25 2. 6 .07 34.7 1.16 92.6 1.06 1.3 .02 
43.3 35. 4 29.9 87.7 58.1 
118 
Table 14. Analyses of variance, average egg weight -
Experiment 760, Trial 2 
Per iod 
Source d. f .  m .  s7 f  
2 
m.S. f  m . s 7 ~F~ 
4 
h 7s .  f ~  
5 
m.S." f  
Rep 6 .8 .60 1.3 .93 1.6 1.68 2.8 1.20 .9 . 40 
Diet 3 .8 .56 1.6 1.20 1.6 1.64 1.9 .80 .4 . 16 
Error 18 1.4 1.4 1.0 2.3 2.4 
Table 15. Analysis of variance, final body weight -
Experiment 760, Trial 2 
Source d.f. H.S. 
Diet 3 .2a 8.42 
2 vs. 1, 3,4 (1) .69 23.79*** 
4 vs. 1,3 (1) .OU 1.16 
Rep 6 .01 .30 
Error 18 .03 
Table 16. Analyses of variance, % hen-day egg production -
Experiment 786, Trial 1 
Period 1 Period 2 Period 3 
Source d.f. M.S. F M.S. F M.S. F 
Rep 5 43.28 1.21 9.03 .22 6.41 .13 
Methionine 2 132.93 3.72** 115.65 2.81* 184.18 3.70** 
Lysine 1 2.73 .08 34, 89 .85 23.78 .48 
M X L 2 33.90 .95 16.18 .39 53.40 1.07 
Tryptophan 1 24.79 .69 29.36 .71 45.57 . 92 
M X T 2 25.50 .71 43.38 1.06 21.98 .44 
L X T 1 9.50 . 26 . 68 .02 5.04 . 10 
M X L X T 2 33.28 .93 4.12 .10 6.64 .13 
Error 55 35.71 41. 04 49.80 
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Table 17. Analyses of variance, daily feed consumption -
Experiment 786, Trial 1 
__Period_1_ £eriod_2 _Period_3 
Source d.f. M.S. F M.S. F M.S. F 
Rep 5 36. 12 .88 4.74 .18 8.10 .26 
Methionine 2 99. 51 2.43* 36.39 1.38 40.72 1 .30 
Lysine 1 51. 34 1.25 4.30 . 16 1.05 .03 
M X L 2 18. 30 .45 .64 .02 34.98 1 .12 
Tryptophan 1 4 1. 10 1.00 193.39 7.35*** 71.00 2 .27 
M X T 2 3. 23 .08 33.46 1.27 18. 1 5 .58 
L X T 1 2 5. 44 .62 11.36 .43 .13 .00 
M X L X T 2 6. 38 . 16 .93 .04 7.71 .25 
Error 55 41. 02 26.32 31.26 
Table 18. Analyses of variance, average egg weight -
Experiment 786, Trial 1 
Period 1 Period 2 _ Period_3 
Source d.f. M.S. F M.S. F M.S. F 
Rep 5 2, .82 1. , 17 3. 41 .97 3 .60 1.61 
Methionine 2 2 .  60 1, 08 .07 .02 1, .68 .76 
Lysine 1 8, .00 3. 32* 10, .73 3.04 13 .52 6.07** 
M X L 2 5. 00 2. 08 2. 28 .65 .67 .30 
Tryptophan 1 1. 33 .55 3. 64 1.03 .50 .22 
M X T 2 .75 .31 .28 .08 .30 .14 
L X T 1 6, .24 2. 59 2, .00 .57 .04 .02 
M X L X T 2 .68 .28 1 , .73 .49 .28 .13 
Error 55 2. 41 3. 53 2 .23 
Table 19. Analyses of variance, % hen-day egg production - Experiment 786, Trial 2 
Period 1 Period 2 Period 3 Period 4 Period 5 Period 5 
Source d.f. M.S. F M.S. F M.S. F M.S. F M.S. F M.S. F 
Rep 3 21 .36 2.13 7.83 1. 33 18. 30 . 82 19. 14 .69 25.44 .95 57.27 1.29 
Methionine 1 23 .43 2.33 7.98 1 .36 a 10 .30 1. 00 .03 2.94 .11 11.81 .26 
Error 3 10 .03 5.89 22. 44 27. 82 26.68 44.40 
N 
o 
Table 20. Analyses of variance, daily feed consumption - Experiment 786, Trial 2 
Period 1 Period 2 Period 3 Period 4 Period 5 Period 6 
Source d.f. M.S. F M.S. F M.S. F M.S. F M.S. F M.S. F 
Rep 
Methionine 
Error 
3 28.48 1.70 2.81 .39 1.94 .50 20.33 .48 13.04 .55 39.11 .86 
1 7.60 .45 .18 .03 .04 .01 .08 .00 4.06 .17 .91 .02 
3 16.74 7.16 3.88 42.58 23.71 45.74 
Table 21. Analyses of variance, average egg waight - Experiment 786, Trial 2 
Period 1 Period 2 Period 3 Period 4 Period 5 Period 6 
Source d.f. M.S. F M.S. F M.S. F M.S. F M.S. F M.S. F 
Rep 3 1.83 a.69 .67 1.97 2.37 6.40* .60 3.16 1.14 2.04 1.26 2.42 
Methionine 1 .72 1.85 .01 .01 .01 .01 2.10 10.99* .04 .08 1.62 3.09 
Error 3 0.39 0.34 0.37 0.19 0.56 0.52 
Table 22. Analyses of variance, % hen-day egg production 
Experiment 800 
Period 1 Period 2 
Source d.f. M.S. F M.S. F 
Type 1 32. 0 .19 165. ,9 1. 29 
Leucine 3 142. ,8 .87 597. ,2 4. ,64*** 
(Linear) (1) 1134. ,9 8. 82*** 
(Quadratic) (1) 550. 8 4, . 28*** 
(Cubic) (1) 105. 8 .82 
Isoleucine 2 301. ,2 1.83 176. 2 1, .37 
T X L 3 65, .6 . 40 92. ,9 .72 
T X I 2 473. ,5 2.88* 25. 1 . 19 
L X I 6 26. 6 .16 138. 7 1, .08 
Error 134 164. 4 128. 6 
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Table 23. Analyses of variance, daily feed consumption -
Experiment 800 
Period 1 Period 2 
Source d.f. M.S. F M.S. F 
Type 1 295.9 1.55 199.4 1.39 
Leucine 3 475.7 2.50* 1285.8 8.97*** 
(Linear) (1) 2719.9 18.98*** 
(Quadratic) (1) 1098.6 7.67*** 
(Cubic) (1) 38.9 .27 
Isoleucine 2 111.8 .59 42.9 .30 
T X L 3 12.2 .06 355. 1 2.48* 
T X I 2 94.1 .49 142.5 .99 
L X I 6 234.9 1.23 111.4 .78 
Error 134 190.7 143.3 
Table 2U. Analyses of variance, average egg weight -
Experiment 800 
Period 1 Period 2 
Source d.f. M.S. F M.S. F 
Type 1 1.01 -07 6.10 .38 
Leucine 3 5.79 .42 1.62 .10 
I so leucine 2 .01 .00 19.75 1 .23 
T X L 3 10.63 .78 18.37 1.15 
T X I 2 59.89 4.37** 41.60 2.60 
L X I 6 6.55 .48 18.38 1.15 
Error 125 13.70 16.01 
Table 25. Analyses of variance, % hen-day egg production - Experiment 809 
Period 1 Period 2 Period 3 Period 4 
__ 
Source d. f. M.S. F M.S. P M. 5. F M.S. 
Protein 2 4528.5 34.23*** 808 2.8 63.56*** 12861.4 71. 74*** 12568.9 89 .30*** 
Type 1 797. 1 6.02*** 1313.9 10.33*** 1039.7 5. 80*** 1439.7 10 .29*** 
P X T 2 516.U 3.90** 851,9 6.70*** 849.4 4. 74** 1373.1 9 .76*** 
Leucine 1 498.8 3.77** 533.7 4.20** 1599.8 8. 92*** 1147.6 8 . 15*** 
P X L 2 281.8 2.13 545.7 4.29** 264.8 1. 48 521.1 3 .70** 
T X L 1 327. 6 2.48* 159.9 1 .26 158. 4 88 255.8 1 .82 
P X T X L 2 389.8 2.94** 92.7 .73 -75.8 166.8 1 . 18 
Isoleucine 1 179. 1 1.35 71.7 .56 7.4 • 04 21.6 .15 
P X I 2 114.0 .86 4.7 .04 83.6 47 167.9 1 .19 
T X I 1 47. 4 .36 123.9 . 97 .2 00 15.1 .11 
P X T X I 2 331.0 2.50* 8.6 .07 437.6 2. 44* 1005.7 7 .15*** 
L X I 1 554.6 4.19** 35.2 . 28 91.7 . 51 4.7 .03 
P X L X I 2 87.9 .66 4.2 .03 92.1 , 51 409.2 2 .91* 
T X L X I 1 46.5 .35 219.8 1.73 151.1 . 84 2. 1 .01 
P X T X L X I 2 294. 3 2.22 172.4 1.36 287.7 1. 60 208.3 1 .48 
Error 120 132.3 127.2 179.3 140.7 
Table 26. Analyses of variance, daily feed consumption - Experiment 809 
Period 1 Period 
Source d.f. U.S. F M.S. 
Protein 2 1083. 6 7.62»»» 3321.2 21 
Type 1 600. 6 4.22»» 1044.3 6 
P X T 2 6 29. 9 4.43»»» 491.0 3 
Leucine 1 1064. 4 7.48*»» 266. 5 1 
P X L 2 543. 2 3.82»» 350.6 2 
T X L 1 31. 1 .21 62. 3 
P X T X L 2 367. 5 2. 58» 283.8 1 
Isoleucine 1 * 0 .99 15.2 
P X I 2 325. 9 2. 29» 72.7 
T X I 1 40. 2 .28 330.3 2 
P X T X I 2 165. 1 1. 16 245 .6 1 
L X I 1 92. 0 .64 77.2 
P X L X I 2 29. 6 .21 310.6 1 
T X L X I 1 216. 8 1.52 172.9 1 
P X T X L X I 2 212. 4 1.49 103.8 
Error 120 142. 2 157.5 
Period 3 Period U 
M.S. F M.S. F 
4228.6 21.87»»* 4834.8 25.11»»» 
919. 2 4.75»» 645. 2 3.35» 
451. 5 2.33 623. 8 3.24»» 
423. 6 2. 19 208. 8 1. 08 
293. 1 1.52 804. 6 4.18»» 
29. 7 .15 136. 2 .71 
409. 6 2.12 262. 9 1.36 
165. 2 .85 86. 8 .45 
115. 9 .60 565. 5 2.94» 
114. 9 .59 39. 2 .20 
499. 6 2.58» 307. 1 1.60 
169. 9 .88 242. 7 1.26 
59. 2 .31 392. 5 2.04 
92. 4 .48 279. 6 1.45 
71. 9 .37 51. 4 .27 
193. 4 192. 5 
2 
F 
09»»» 
63»»» 
1 2»» 
69 
23 
40 
80 
1 0  
46 
10 
56 
49 
97 
1 0  
6 6  
Table 27. Analyses of variance, average egg weight - Experiment 809 
Period 1 Period 2 Period 3 Period U 
Source d. f. M.S. F M.S. F M.S. F M.S. F 
Protein 2 196.7 23.63*** 381.0 35.23*** 393.1 29.79*** 408.6 10.44*** 
Type 1 23.5 2.82* 42.9 3.96** 28.0 2. 12 3.9 . 10 
P X T 2 46.6 5.60*** 38.6 3.57** 30.5 2.31 91.9 2.35* 
Leucine 1 25.7 3.08* 44.4 4.10* 5.0 .38 38.4 . 98 
P X L 2 10.a 1.25 4.0 .37 -.0 -2.3 
T X L 1 10.5 1.26 22.5 2.08 ,2 .02 2.1 .06 
P X T X L 2 -1.4 3.7 .34 7.6 . 57 23.4 .60 
Isoleucine 1 9. 1 1. 10 6.4 .59 3.3 .25 80.7 2.06 
P X I 2 11.1 1.34 .5 .05 14.0 1.06 12.5 .32 
T X I 1 -0.5 4. 9 .45 6.5 .42 16.7 .43 
P X T X I 2 2.0 .24 35.2 3.26** 26.7 2.02 9.4 .24 
L X I 1 12.2 1.47 39.9 3.69** 79.7 6.04** -.8 
P X L X I 2 19.8 2.38* 5.6 .52 10.1 .76 4.2 .11 
T X L X I 1 I.U .17 7.0 .65 2.2 . 17 1.4 .03 
P X T X L X I 2 27. 2 3.28** 7.9 .73 15.7 1.19 23.4 . 60 
Error 120 8. 3 10.8 13.2 39.1 
Table 28. Analyses of variance, % hen-day egg production - Experiment 810 
Period 1 Period 2 Period 3 Period 4 
Source d.f. M.S. F M.S. F M.S. F M.S. F 
Protein 3 3541. 5 32. 70*** 2677. 2 20 .59*** 5724. 8 37. 76*** 4603. 1 32. 36*** 
(Linear) (1) 8291. 9 76. 55*** 6317. 7 48 .60*** 11257. 4 74. 24*** 9072. 4 63. 79*** 
(Quadratic) (1) 1776. 0 16. 40*** 1417. 2 10 .90*** 4516. 4 29. 79*** 3908. 4 27. 48** 
(Cubic) (1) 556. 6 5. 14** 296. 6 2 .28 1400. 4 9. 24*** 828. 6 5. 83** 
Leucine 3 265. 6 2. 45 223. 4 1 .72 250. 3 1. 65 123. 9 « 87 
(Linear) (1) 256. 4 2. 37 224. 0 1 .72 180. 2 1.  19 32. 9 .  23 
(Quadratic) (1) 426. 9 3. 94* 440. 2 3 .39* 355. 5 2. 34 327. 2 2. 30 
(Cubic) (1) 113. 6 1. 05 5. 8 .04 215. 2 1. 42 11. 6 .  08 
P X L 7 135. 7 1. 25 117. 4 .90 107. 8 .  71 70. 1 .  49 
Error 70 108. 3 130. 0 151. 6 142. 2 
Table 29. Analyses of variance, daily feed consumption - Experiment 810 
Period 1 Period 2 Period 3 Period U 
Source d.f. M.S. F M.S. F M.S. F M.S. F 
Protein 3 1051. 5 6.58** 1330. 2 10. 17*** 2331 . 8 13.88*** 2107. 6 13. 04*** 
(Linear) (1) 1943. 1 12.16*** 18 32. 7 14. 01*** 2735. 1 16.28*** 2484. 9 15. 37*** 
(Quadratic) (1) 554. 0 3.47* 11 79. 8 9. 02*** 2183. 9 13.00*** 1625. 5 10. 06*** 
(Cubic) (1) 657. 5 4.11** 978. 3 7. 48*** 2076. 5 12.36*** 2212. 4 13. 69*** 
Leucine 3 27 4. 9 1.72 122. 8 . 94 88. 8 .53 85. 9 . 53 
(Linear) (1) 111. 2 .70 73. 5 . 56 72. 5 . 43 66. 6 . 41 
(Quadratic) (1) 709. 6 4.44** 193. 9 1. 48 169. 9 1.01 77. 3 . 48 
(Cubic) (1) 4. 0 .02 100. 9 . 77 24. 0 .14 113. 8 . 70 
P X L 7 224. 8 1.41 84. 3 . 64 122. 5 .73 68. 2 . 42 
Error 70 159. 8 130. 8 168. 0 161. 6 
Table 30. Analyses of variance, average egg waight - Experiment 810 
Period 1 Period 2 Period 3 Period 4 
Source d.f. M.S. F M.S. F M.S. F M.S. F 
Protein 3 139. 50 10. 8U*»» 182.27 10.45*** 203. 63 10. 84*** 177. 10 9.38*** 
(Linear) (1) 386. 95 30. 06*** 484.71 27.79*** 597. 48 31. 82*** 434. 88 23.03*** 
(Quadratic) (1) 23. U1 1. 82 61.58 3.53* 13. 04 . 69 70. 12 3.71* 
(Cubic) (1) 8. 15 • 63 .53 .03 . 38 . 02 26. 32 1.39 
Leucine 3 10. 21 • 79 10.39 .60 10. 75 57 13. 34 .71 
(Linear) (1) 8. 61 • 67 4.73 .27 23. 80 1. 27 . 00 .00 
(Quadratic) (1) 5. 51 • 51 26.44 1 .52 6. 12 . 33 38. 23 2.02 
(Cubic) (1) 15. 52 1. 20 0.00 0.00 2. 33 . 12 1. 80 .10 
P X L 7 11. 50 . 89 13.85 .79 17. 56 . 94 15. 24 .81 
Error 70 12. 87 17.44 18. 78 18. 88 
Table 31. Analyses of variance, body weights, Experiment 811 
Period U Period B 
Source d.f. M.S. F M.S. F 
Protein 1 .337 21.54*** .398 28.61*** 
Methionine 2 .019 1.24 .015 1.08 
P X M 2 .002 .16 .006 .45 
Rep 4 .011 .71 .016 1.12 
Error 20 .016 .014 
Table 32. Analyses of variance, % hen-day egg production - Experiment 811 
Period 1 Period 2 Period 3 Period 4 
Source d.f. M.S. F M.S. F M.S. F M.S. F 
Protein 1 412.9 5.01** 79.4 1.73 13. 3 . 54 168.0 1.96 
Methionine 2 50.0 .61 14.9 .32 44. 0 1.80 142.9 1.66 
P X M 2 111.6 1.36 65.3 1.42 28. 2 1. 15 33.5 .39 
Rep 4 66. 3 . 80 35.5 .77 1. 1 .05 25.8 .30 
Error 20 82.4 45.8 24. 5 85.9 
Table 32 continued 
Period 5 __Period _ 6 _ _  Period 7 Period 8__ 
Source d. f. m.S. F ~ m 7s 7 F m . s .  F m 7s 7 '~F~ 
Protein 1 12.4 .26 52.8 .48 407.0 5.08** 79.7 .45 
Methionine 2 69. 4 1.48 8.2 .08 9. 3 . 12 70. 1 .40 
P X m  2 73. 5 1.56 110.4 1.01 42.7 .53 17.4 .10 
Rep 4 3.9 .08 86.9 .79 101.6 1.27 73.0 .42 
Error 20 47.0 109.3 80.0 176.0 
Table 33. Analyses of variance, daily feed consumption - Experiment 811 
Period 1 Period 2 Period 3 Period 4 
Source d.f. M. s .  F M. s .  F M.S. F m 7 s. F 
Protein 1 2.4 .08 11.0 .32 24.3 .86 59.6 1.17 
Methionine 2 5.6 .18 2.8 .08 8.2 .29 2.9 .06 
P X M 2 .2 .01 19.0 .55 83.5 2.95* 119.0 2.34 
Rep (* 68.3 2.30* 83.U 2.42* 2.6 .09 2.6 .05 
Error 20 30.0 34.U 28. 3 50.9 
Table 33 continued 
N 
Period 5 Period 6 Period 7 Period 8 
Source d.f. M.S. F M.S. F M.S. F M.S. F 
Protein 1 12. ,8 .43 105, .6 2.82 150. ,5 4, .33* , 1 0. ,0 
Methionine 2 21. 5 .73 1 1. ,9 . 32 39. , 6 1. 14 84, .3 2. 50 
P X M 2 52, 7 1.79 12. ,8 .34 11. 6 , 33 21. ,8 , 64 
Rep 4 17. , 4 .59 57. 3 1.53 53. , 5 1. 68 63. , 1 1. ,87 
Error 20 29, .5 37. ,4 34. , 8 33. 8 
Table 34. Analyses of variance, average egg weight - Experiment 811 
Period 1 Period 2 Period 3 Period 4 
Source d.f, M.S. F M.S. F M.S. F M.S. F 
Protein 1 71.2 19.80*** 105. 3 33.30*** 104. 5 24.70*** 126. 1 48.70*** 
Methionine 2 1.1 .30 1.0 .30 . 5 . 11 . 1 .03 
P X M 2 4.9 1. 32 11.9 3.77** 1.7 .41 .8 .33 
Rep 4 .9 .26 .7 .20 15.6 3.68** 8.7 3.38** 
Error 20 3.6 3. 2 4.2 2.6 
Table 34 continued 
Period 5 Period 6 Period 7 Period 8 
Source d.f. M.S. M.S. F M.S. F M.S. F 
Protein 1 198.7 35. 11*** 258.7 57.30*** 262. 3 50.01*** 2 84.0 34.80*** 
Methionine 2 .2 0.0 .4 .08 8. 1 1.54 5.4 .66 
P X M 2 3. 3 .58 15.7 3.48* 6. 2 1.18 4.0 .49 
Rep 4 7. 2 1.28 2.2 . 48 7.2 1.37 4.7 .57 
Error 20 15.7 4.5 5. 2 8. 2 
Table 35. Analyses of variance, % hen-day egg production - Experiment 824, Phase 1 
Period 1 Period 2 Period 3 
Source d.f. M.S. F M.S. F M.S. F 
Density 2 286.2 6.52*** 1256,0 28.85*** 13749. 1 230.65*** 
(Linear) (1) 264.0 6.02»* 1077.4 24.38*** 19164.8 321.51*** 
(Quadratic) (1) 308. 4 7.03** 1434.7 32.95*** 8333.4 139.80*** 
Methionine 2 37. 1 . 84 7.1 . 16 60. 2 1.01 
(Linear) (1) 5.5 .13 9. 1 .21 4.9 .08 
(Quadratic) (1) 68.6 1.56 5.0 . 1 1 115.5 1.94 
D X N U 16.7 . 38 40. 1 .92 186.9 3.14** 
Error 27 43.9 43.5 59.6 
Table 36. Analyses of variance , daily feed consumption - Experiment 824, Phase 1 
Period 1 Period 2 Period 3 
Source d.f. M.S. F M.S. F M.S. F 
Density 2 646.6 12.68*** 6230. 1 109.25*** 20893. 4 271.96*** 
(Linear) (1) 654. 2 12.83*** 9886. 1 173.38*** 33085. 8 430.65*** 
(Quadratic) (1) 639.0 12.53*** 2574.0 45.14*** 8701. 0 113.25*** 
Methionine 2 133. 2 2.61* 80. 9 1.42 50. 1 .65 
(Linear) (1) 89.7 1.76 137. 3 2.41 99. 6 1.30 
(Quadratic) (1) 176.7 3.47* 24. 5 . 43 . 6 .01 
D X M 4 32.6 .64 65. 2 1,14 151. 0 1.97 
Error 27 51.0 57. 0 76. 8 
Table 37. Analyses of variance, average egg weight - Experiment 82%, Phase 1 
—Period 1_ Psriod _ 2 _ _ _  Period 3 
Source d. f. m . s .  F ~ m 7 s 7  p —  m.S. F 
Density 2 8.4 1.86 569.7 3. 19* 1 1996.5 119.74*** 
(Linear) (1) 11.6 2.55 709.6 3.98* 17334.4 173.02*** 
(Quadratic) (1) 5. 3 1. 16 429.7 2.41 6658.6 66.46*** 
Methionine 2 7.8 1.71 83.7 .47 172. 6 1.72 
(Linear) ( 1 )  6.5 1.43 19.3 . 11 272.0 2.72 
(Quadratic) (1) 9.0 1.99 148. 2 .83 73. 2 .73 
D X h  n 5.9 1.29 108.0 .61 70.4 .70 
Error 27 4.6 178.4 100.2 
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Table 38. Analyses of variance, % hen-day egg production -
Experiment 824, Phase 2 
Period 4 Period 5 
Source d.f . M.S F M. S. F 
Density 1 28.4 1.97 2.2 .08 
Methionine 2 8.0 .57 5.2 .20 
(Linear) (1) 11.2 .78 .0 .00 
(Quadratic) (1) 4.8 . 33 10.4 .40 
D X M 2 55.0 3.82** 83.2 3.19* 
Error 18 14.4 26.1 
Table 39. Analyses of variance, daily feed consumption -
Experiment 824, Phase 2 
Period 4 Period 5 
Source d. f . M.S F M.S. F 
Density 1 151.5 3.87* 383.2 10.05*** 
Methionine 2 104.2 2. 66* 28.2 .74 
(Linear) (1) 124.9 3. 19* 43.6 1.14 
(Quadratic) (1) 83.5 2.13 12.8 .34 
D X M 2 112.5 2.88* 118.6 3. 11* 
Error 18 39.1 38.1 
Table UO. Analyses of variance, average egg weight -
Experiment 824, Phase 2 
Period 4 Period 5 
Source d.f. M.S F M. S. F 
Density 1 13.2 2.48 22.6 3.58* 
Methionine 2 22.6 4. 26** 16.5 2.61* 
(Linear) (1) 40.3 7.58** 25.2 4.00* 
(Quadratic) (1) 4.9 .93 7.8 1.23 
D X M 2 1.1 . 20 2. 1 . 33 
Error 18 5.3 6.3 
134 
Table 41. Analyses of variance , X hen-day egg prod. - Exp 
Period 1 Period 2 Period 3 
Source d.f. M.S. F M.S." F~ M.S. F 
Treatment 7 100.4 .77 213.1 2.22* 205.6 2.38** 
1 vs. 2 (1) 32.8 .25 329.3 3.43* 44.6 .51 
2 vs. 3,4 (1) 4.9 .04 87.9 .92 255.8 2.96* 
2 vs. 5,6 (1) 10.6 .08 86.7 .90 2.4 .03 
2 vs. 7 (1) 32.8 . 25 58.5 .61 7. 8 .09 
2 vs. 8 (1) 74.3 .57 91.0 .95 33.6 . 39 
Error 47 129.8 95.9 86.5 
Table 42. Analyses of variance, daily feed cons. - Exp. 829 
Period 1 Period 2 Period 3 
Source d.f. M.S. F M.S. F M.S. P 
Treatment 7 89. 5 . 46 323.0 2.01* 313. 2 1 . 80 
1 vs. 2 (1 99.0 . 51 1059.7 6.59** 772. 9 4. 44** 
2 vs. 3,4 (1 219.0 1. 12 127. 2 .79 122. 8 « 70 
2 vs. 5,6 (1 94. 1 .48 482.2 3.00* 86. 9 • 50 
2 vs. 7 (1 322. 6 1.66 943.6 5.87** 949. 6 5. 46** 
2 vs. 8 (1 38. 1 . 20 678.2 4.22** 9 49. 4 5. 46** 
Error 47 194.7 160.7 174. 0 
Table 43. Analyses of variance, average egg weight - Exp. 829 
Period 1 Period 2 Period 3 
Source d.f. M.S. F M.S. F M.S. F 
Treatment 7 1 3. 06 1.01 7.76 .57 7.68 .46 
1 vs. 2 (1 5.04 .39 4.16 .31 5.92 . 35 
2 vs. 3,4 (1 1. 19 .09 0.00 .00 .41 .02 
2 vs. 5,6 (1 .75 .06 .78 .06 1 .65 . 10 
2 vs. 7 (1 10. 11 .78 1 3.86 1.02 .84 .05 
2 vs. 8 (1 1.72 .13 5.04 .37 .05 .00 
Error 47 12.98 13.51 16.83 
